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Deletion of Loctite from igniter retainer plate threads.

The enhancements above directly resnjteq from (1) the BSM Total Quality Managemen; (TQM)
T Y

€am initiatives to enhance the BSM Producibility, angd (2) the necessity to qQualify new throgat
insert and adhesive systemg to replace existing materjalg that will not pe available,

site qQuality personne] from production lot AAY, which were modified to accept the enhancements
—— Were completed to provide the fina] qualification of the enhancements for incorporation into
flight hardware.
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11 Scope

This test Procedure addresses gJ the requirements tq perform
Pyro shock testing on Booster Separation Motors (BSM),
Included in thjg Procedure are the steps to assemble the BSM
to the aft skirt support brackets,

The objective of the pyro shock testing is to verify the physical
and functiona] survivability of the%ster Separation Motors.
Of particular interest for thege tests are the components
bonded using EA9394 adhesive. The Components using thig
adhesive include the throat insert, the centering insert, and the

1gniter grain support rod.

MSFC-STD-5134 Certification of Equipment Operations ang
Materials Handling Personnel

EG5300.36A Safety

29 CFR 1910 Occupationa] Safety and Health Administratjon
(OSHA)

NSS/GO 17409 Safety Standarq for Lifting Devices and Equipment

NHB 1700.1(v 1) Basic Safety Manua]
AMC-R 385-100 Safety Manua.l

EP01-SOP-01 Standard Operating Procedure for Safety Critica]
Operations

MM 1700.4 Safety and Environmenta] Health Hazards

MMI 1700.17 MSFC Procedures for Acquiring Shipping Permits for
Rocket Motors and Igniters

MMI 1710.1 Safety Review and Approval of Hazardous ang Potentially
Hazardoug Facilities and Activities at MSFC

MMI 17106 MSFC Program for Personne] Certification

MMI 1711.2 Mishap Reporting and Investigation



MMI 1845.1 Hazard Communication Program
MMI 6400.2 Packaging, Handling, ang Moving Program Critjca]
Hardware

MSFC-RQMT-1493 Electrostatic Discharge Control Requirements
MSFC-STD-1800 Electrostatic Discharge (ESD) Control for Propellant and

Explosive Devices

MSFC-STD-126E Inspection, Maintenance, Proof Testing and Certification

of Handling Equipment

CSD-5597.93-1 Rev.B Enhanced Delta Qualification Test Plan for Booster

Separation Motor (BSM), Aug. 6, 1993

10SPC-0067 Rev. A Specification for Booster Separation Motors for Space

30  Safety

3.1

3.11

Shuttle Solid Rocket Booster (thru SCN 014)

The following safety criteria are in accordance with ET01-SOp-
01, Rev. A, "Standard Operation Procedures for Safety Critical
Operations”. If safety rules/regulationg are not followed,
injury to personne] and/or damage to test items could occur.

Emergency telephone numbers are gg follows:

Safety 4-0046
Ambulance 112
Fire 117
Security 44357
Utilities 4-3919
Medical Center 4-2390

Ommunication Repair 41771

Prior to starting work in 4619 a visual inspection of the work
area shall be made for anomalies by the MSFC TE and MSFC
SE.

MSFC TE llﬂ’) MSFC SE l%é
Date / Time: {!ﬂylﬂ (3-00 X

e TTUem e L ———



3.3

34

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

adequately blocked up.

Crane, hoist, prime lift operators, and riggers shall be certified
according to the lategt revision of MM] 1710.6, and ghaJ] have
in their Possession a valid certification card.

Certificationg checked by: [’_?E
Date / Time: o?{ulqz (.00

Personne] working around Suspended loads gha]j be alert to
the possibility of being crugheq between the Suspended load
and a fixed object.

Loads shall be moved slowly go they will not accumulate more
momentum than cap be stopped with little or ng swing.

Where handling slings are calleq out, a sling with more
Pickup pointg than required may be used if the weight capacity
per point used ig equal or greater than the weight capacity of
each point of the noted sling and the free Pickup point ig (are)
secured to prevent it (them) from swinging and causing
damage to parts.

Only the area coordinator ghoulqd direct the crane moves,
owever, any person determinj an immediate danger or
problem may request stoppage of activities,

The lifting or transportation operation shal] be halted by the
area coordinator at any time the control area cannot be
i d.

Steel toe shoeg are required during }if}; operations,
Hardhatg are required whep mlifiltlir above the
shoulders.

Tag line Operators are to wear leather gloves,




40

3.13 The Primary safety hazards associated with this operation are:

3.13.1 Lift operations

3.13.2 Solvent Use (See NOTE)

3.133 Live (Loaded) Solid Rocket Motor (propellant
handling)

NOTE: Grease and solvent use are only "if needed"” ag
determined by the MSFC TE and CSD TE,

314 Any time a crane is being used, it must be dogged if:

3.14.1 The load will be suspended in a static condition for an
extended amount of time,

3.142 A crane operator crew change or substitution must be
made.

3.15 No electric power tools shall be used near the live test item,
Use of pneumatic tools is acceptable.

3.16 All ground cables and ground straps end-to-end resistances
shall be verified with a multimeter. These resistances
must measure less than 1 ohm,

3.17  All personnel within touching distance of the BSM or ordnance
shall wear a wrist strap that has been checked with a wrist
strap checker.

3.18 All personnel within touching distance of open grain
propellant (and ordnance) shall wear antistatic coveralls.

3.19 Wrist strap connections to facility ground must be verified. This step

320 In case of an accidgntal B§M ignition, the nearest fire alarm pull

Personnel shall stay clear of the test site until the emergency
resll)onse personnel have given the "al] clear” to return to the
building.

41 Test Items

The test item for the qualification pyro shock tests consists of a
live BSM which will be tested in the aft motor configuration.
The motor will be tested with an aero heat ghield over the exit

cone. The motor weighs approximately 154 pounds.
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422

43
430

431

4311

4312

43.13

Test Requirements
Test Tolerances

Shock Responsge Spectrum: +6dB, -34B
(when analyzed with 1/3 octave shock
Spectrum analyzer and 54, damping)

Test Conditions

The Pyrotechnic ghock tests for both motors wil] be conducted
at the test gite's ambient temperatyre.

The MSFC TE shall check with the Army MET team to ensure that [v(
there ig no lightm'ng within 10 miles,
MET team phone number....876-2465).

If h'ghtm'ng 18 within 10 miles during any time that g live
M is in building 4619, the MSFC TE shall make

arrangementg ¢, disconnect the motor ground from, the

facility €round. The motor sha]] remain ungrounded unt;]

the lightmng i8 out of range,

facility ground ang remove the resistor. Reconnect the
ground strap from, the motor t, facility ground,

10
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45.1

452

conditions resume,

performed prior to any handling of the BSM but does not need to
be repeated unti) Something other than the BSM is lifted by the
same handling equipment. It jg therefore recommended that
the break tests be performed each evening before the BSM testing
commences. The break tests shall be performed ag follows:

a.  The proofload must be at least 350 Ibs.
b. Lift the dummy load clear of the ground (less than 1 foot) and

lower to groung three times, holding for five minutes on the
third lift. Lifting straps and spreader bar should be attached

1 1 A



Procedure Deviation jg Presented in Appendix B. Photographs
of any discrepancieg shall also be taken.

5.0 E —il B ol .l.l‘

5.1 Test Wi tnessing

All tests wil) be witnegsed by the authorized UT/CSD
répresentative and USBI Tépresentative. The MSFC test
engineer will algo witness the testing. Notification of the start
of each test gha]] be Communicated to the authorized UT/CSD
and USB] Tepresentatives and the MSFC safety representative
and test engineer at least 2 hours in advance,

MSFC Safety Notifieq VALY

UT/CSD Notified —K

52 The MSFC TE will serve ag the area coordinator for the
test. All handling of the BSM will be directed by the
MSFC TE or cognizant test engineer,

53 Jim Herring (Pyro shock) shall be responsible for

54  The area around the outsjde of the pyro shock facility shal) be |
secured beforetheéBSM is brought to the pyro shock test site,
YES

Area secured? NO SFC TE
MSFC SE

Commentsg: Po ors /oclq_J‘ sader s{cw{J-

—ale  vpeel off

55 The MSFC TE shall notify the fire department prior to delivery | VJ‘/

of the BSM., (Fire dept, Phone ¢...117),

56 The MSFC TE shay make arrangements for the live BSM tobe

delivered from the NASA igloo to the PyTo shock test site,

57 All involved 1ab directors and division chiefs shg be notified [v]/

Prior to testing,

12




6.0 Evrotechnic Shock Test

6.1 Test Site Preparatory Activities

An inspection shall be made of the hardware to ensure it is all
available. Should some hardware be missing the cognizant
test engineer shal] determine whether those components are
required for the safe Operation of the procedure. Should they

6.1.1 Verify the following tomponents, tools and materials are [vI/
available and certified (when applicable), All lifting equipment,
cables, fixtures, etc... within one year stating the load limit and
the date tested stencilled on the equipment,

Aft BSM Plate Mounting Hardware:

Part Number Quantity Nomenclatyre
EWB0420-8-23 6 Bolts*

- 10420,-32) 2 Bolts*
TLN1021CPD2-8 6 Nut (SelfA.ligning)
TLN1023CD3-10 2 Nut (SelfAligning)
NAS1587-8C 6 Washer
NAS1587-10C 2 Washer

*10107-XX-XX series bolts are acceptable alternates (-20 for
PyTo0, -32 for vibration)

ARt BSM Bracket Mounting Hardware:

Part Number Quantity Nomenclatyre

NAS1955C10H 8 Bolts

NAS1957C13 12 Bolts

NAS1587-5C 8 Washers

NAS1587-7C 12 gasgers

NAS1587.7 12 ashers

VN324BC070 12 Locknuts

NAS1101E08H10 4 Aero Heat Shield
Fasteners

Fasteners Accounted For: & MSFC TE
Breakover brackets 2 [ /
Lifting D-ringg iy~

13




Spreader bar with associated lifting straps and D-rings
Cus_tom wood supports to horizontally support the BSM

Tool Box with Assorted Wrenches Rm 170, Bldg. 4619
See Appendix D for detailed tool list)

Pre-drilled Wood Pallet to fit aft skirt support bracket bolt

holes

Lifting straps (3)
SN: __ 330y
SN: _ 320y

Desiccant (12, 16 unit size bags)

Rubber mallet

Lead wire seal (for security bag)

Forklift (at least 500 Ib. capacity)

ESD Scanner

Materials

1,1,1 Trichloroethane; 1 bottle (enough for cleaning)
MIL-G-4343 grease; 1 container (AHS seal)
MIL-T-83483 thread compound; 1 container (AHS)
Conoco HD-2 grease; 1 container (bolts, faying surfaces)

Other consumables, including rimple cloth, que-tips , tape ,
bags and towels are also to be supplied if needed.

Gloves (Latex)

Ground straps

Wrist stats (5 each)

Stat gun (1 each)

Ohm meter (1 each)

Wrist stat checker (1 each)
Chemical safety goggles (2 each)
100 Kohm resistor (1 each)

14




Al n*’i"I‘J h(
All hardware accounted for: £ M tOOT MSFC TE
6.12 After the truck hag arrived with the motor, the engine should be M/

turned off and the eémergency brake engaged. Chock at least one of
the truck's wheels.

Truck braked and wheel chocieg: K MSFC TE

6.13 A sign with the worg "LOADED" should be attached the motor w
shipping container,

6.14 Attach a groung strap (long enough to reach the shipping [/

container on the truck) to the Pyro facility ground and verify
the resistance, Resistance mysgt be less than 1 ohm,

Resistance measured: % MSFC QA _&
CAUTION: Make New Ground Before Braking 014 Ground.
6.15 Touch the free end of the ground wire to the truck chassis to make [V/
sure the truck and the facility are at the same potential, then,
connect the free end of the ground strap to motor shipping
container (not to lid o lid bolts),

6.1.6 Check continuity of shipping container to ground strap using [ \J/
an ohm meter, Resistance should measure less than 1 ohm.

Resistance Measured o1l MSFC QA ﬁi

6.1.7 Disconnect shipping container-to-tryck tie down apparatus. [\/
ove tie down out of the way. /
6.1.8 Disconnect shipping container to tryck chassis ground. [

CAUTION: Do Not disconnect the motor's ground wire while
removing from the truck.

Forklift used: @ no Crane usged: yes

6.1.10 The truck may exit the test area gt this time., [ lJ/

NOTE: 1r the truck does not leave the site at thig time, the
driver will coordinate the exit with the MSFC TE.

15




6.1.11 The large pyro bay doors should be "closed in" but left “cracked” [‘/
open during the assembly and pyro test operations.

6.1.12 Install the shock test control equipment on the pyro plate Ev]/
as illustrated in Figure 1 (see Appendix C).

Equipment installed __/&8__ MSFC TE

6.1.13 The pyrotechnic shock test will be conducted in the aft [”/
motor configuration.

62 Pyro Test Setup

620 Record the test site's temperature and relative humidity. The relative [/
humidity shall be above 20%. If the humidity is not above 20%, all test
operations must halt until favorable weather conditions resume.

Temperature: _&%‘; Relative Humidity 52 %
62.1 Remove Motor From Shipping Container
[,-1/

6210  Verify wrist straps are being used by ALL personnel while
working with the live motor. All wrist straps shall be checked
with a wrist strap checker before being used. Continuity checks
shall be performed on all main ground straps after making any

new grounWion.
MSFC SE__{ 4
6.2.1.1  Position shipping container so that the overhead crane can [-J/

easily attach to the test item (this step necessary only if fork lift
positioning was not adequate for crane attachment.)

CAUTION: When using the ESD scanner and the electrostatic
reading on the motor case surface exceeds 1.0
kilovolt, stop all activities on the case, initiate
personnel fall back (a minimum of 4 feet) and

notify safety.

After initial reading over 1.0 kilovolt, repeat electrostatic
reading at intervals not to exceed 5 minutes until the

the voltage has dissipated below 1.0 kilovolt. When

the reading is below 1.0 kilovolt, removal operations may
continue.

16




is in excegg of 1.0 kilovolt, Verify facility ground. If
Connection to facility ground is open, reconnect through
larger resistor (109 Kohm min,) to allow g slow

discharge of the motor case,

6212 Open the shipping container and remove all the Packing that H/
interfereg with the removal of tl.le test item. Monitor Static

6.2.1.3 Attach a ground wire to the Pyro facility groung and verify its [\}/

6214 Attach the ground wire in step 6.2.1.3 from the facility ground [b}/
the live BSM
6215 Disconnect the motor to shipping container ground wire, (V4
6216 Attach two lifting rings (along with lifting strap) to the BSM's [\)/
Section, 180° apart.
6.2.1.7 Certificationg for all lifting fixtures gha]j be provideq: [ /

Lifting beam assembly certification provided M
Lifting rings (D.rings) LB :

17




After initial reading over 1.9 kilovolt, repeat electrostatic
reading at intervals not to exceed 5 minutes until the

the voltage hag dissipated below 1.0 kilovolt. When

the reading is below 1.0 kilovolt, removal operationg may
continue.

If after 30 minutes the measured electrostatic charge

is in excess of 1.0 kilovolt, Verify i

connection to facility ground is open, reconnect through
larger resistor (100 Kohm min.) to allow g slow

discharge of the motor case,

If the electrostatic reading on the case surface exceeds
4.0 kilovolts, STOP all activities on the case, notify
safety , and evacuate al] personnel to safe locations

as directed by safety,

6.2.1.8 Slowly, monitorin 7 static ¢ acré'gﬁtlt ’t‘faﬁdmotor out of the [VJ/
container using the overhead crane, Lower the test item
50 that the forward end of the motor ig at waist height.

A detailed vigua] inspection shal] be performed by the MSFC [V]/
test engineer and the CSD test engineer on the live test items
before testing. Record the motor’s serial number.

No Damage N"M}& /VB
Damage (detail in attachment)
Serial Number 000734

CAUTION: The following step involves working with g suspended
load. Keep hands ang feet out from under the loagq,

6219  Attach the "break-over" brackets and lifting strap on [’]/

CAUTION: Do Not disconnect the ground wire while breaking the
motor to the horizontal Pposition,

18




CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

6.21.10 Lower the motor on its wood supports so that the motor rests [ ‘\l/
horizontally. The MSFC TE will designate someone to hold the
lifting strap on the forward end while placing the motor in the
horizontal position (see Figure 3, Appendix C). The person holding
the strap should be wearing a wrist strap.

6.2.1.11 Unhook the lifting straps and remove lifting hardware. [v}/

6.2.1.12 Re-attach the lifting hardware for bracket installation. Attach [/
lifting straps in the saddle position (see Figure 4b, Appendix C).

622 Attach Motor to the Aft Skirt Support Brackets
Steps 6.2.2.1 and 6.2.2.2 may be skipped if deemed "not necessary"
by the MSFC test engineer and the CSD test engineer. However,
the fasteners should still be installed with grease applied.
If time permits, all of the cleaning and surface preparation
may be done before the test date.

CAUTION: When using trichloroethane,personnel shall wear
chemical goggles and neoprene-Latex gloves.
Contaminated materials shall be disposed of as
hazardous waste.

CAUTION: When using grease, personnel shall wear Neoprene-
Latex gloves. Contaminated materials shall be
disposed of as hazardous waste.

622.1  Wipe faying surfaces clean with 1,1,1 trichloroethane [-/]/
and apply an unbroken film of HD-2 to each surface.
After assembly remove excess grease with ali}-free cloth.

Surfaces wiped at this time: Yes No_~ -
Grease applied at this time: Yes No__~

CAUTION: When using trichloroethane,personnel shall wear
chemical goggles and neoprene-Latex gloves.
Contaminated materials shall be disposed of as
hazardous waste.

CAUTION: When using grease, personnel shall wear
Neoprene-Latex gloves. Contaminated materials
shall be disposed of as hazardous waste.

19




6222 (Clean washers and boltg with 1,1,1 trichloroethane and [’/
install wet with HD-2 ease. After assembly remove excess
grease with g lint-free cloth,

Washerg cleaned at thig time: Yes\No\

CAUTION: Make sure the motor remains Properly grounded
during the move to position the test item.

6223 Position the motor on the wood 8upports so the forward angd aft [\/
brackets can be easily attached. Leave lifting straps attacheq.
6224 At forward eng of BSM instal NAS1955C10H boits witp, H/

NAS1587.5C washers (8 places) through Supports and intg
ed inserts of BSM and torque to 145 t0 170 in-lbs (13 to
14 ft-1bs) above running torque,

Torque value: _/40) , -3, MSFC QA &
RecordSNoftorquewrench: 7 -%e77¢, (ko)

NOTE: The fqrward attach br_acket has an alignment pPin so

NOTE: Be sure the aft attach bracket js in correct alignment

6225  Ataftend of BgM install NAS1957C13 bolts wity NAS1587.7¢C M/
washers (under bolt head) NAS1587.7 washers (under nut) and
_ VN324BC070 locknuyts (z Placesf'and torque t, 460 to 540 in-lbg PTS oot
Eanning \]c:g e 1) (39 to 45 ft-Ibs) above g torque, x ggug’gﬁ‘%'i_ﬁ?’;’ L2t FASIS Ji\.U\\‘
o s Torque value: 550, /1, Mmape U ___ &L '@41‘
S\~ ¥ |

ReeordSNoftorquewrench: T- 263 -4 (4-—0,?:) Cin =1b ) P}%‘ifll

U eras (Ft-16)
623 Bmﬂﬂxu.hmnm A

623.1 Bracket cover required? Yes\NoL

If yes above, the V4 inch diameter bolts shall be torqued to

90-110 inch-pounds above running torque, The 5/16 inch

diameter boltg shall be torqued to 185-200 inch-pounds (16 to 17 f-1bs)
e.

above running torqu
Torque valye; ‘— MSFC QA —
Record SN of torque wrench: —

20




g ¥tarque and remove the bracket to inspection plate
* #ace fasteners in a labeled bag.

‘ With the test item resting on the b , unhook the belly straps []
: ilizi (lifting straps should still be in

the choked position as s in Figure 4a, Appendix C).

raps around the motor on each end as shown in [1]
saddle configuration, Appendix C).

@FTION: Be careful not to disconnect the motor's ground wire
' during the lifting and rotation operation.

Lift the motor and brackets to waist height using the overhead il
# erane so that the motor can be rotated.

Holding the motor by the support brackets, rotate the motor
ﬂ‘ - 90 degrees so that the brackets can be mounted on the pyro plate.

— Use the overhead crane to move the test item to the mounting area [ [,]/
&#* o the pyro plate.

WER: Be sure to put the custom shims in their correct
positions and orientation before sliding bolts

through the pyro plate.

UTION: When using grease, personnel shall wear Neoprene-
CA
Latex gloves. Contaminated materials shall be
disposed of as hazardous waste.

Install wet with grease (HD-2) EWB0420-8-23 bolts (10107-8-23 [*‘]/
638! glternate) with NAS1587-8C washers and TLN1021CPD2.8 oif.
igning nuts at “A”, “B”, and “D” positions (as marked on
supparts, 6 places) and torque to 605 to 710 in-lbs above running
torque. At the “C” position, install EWB0420-10-20 bolts
(10107-10-20 alternate) with NAS1587-10C washers and
TLN1023CD3-10 self-aligning nuts (2 places) and torque to 1175 to

gmw, PAGE )¢ 1380 in-lbs above running torque.
" QUALITY Torque value: “C" /05 H-lis Msroqa 20—
Ri8,D S5 fH-lhy

21
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6.252

/
Tazss

6.2.6
6.2.6.1

6.26.2

6.2.6.3

6.26.4

Record SN of torque wrench: < EM) 00359 A,B,D BﬂV'szE

the straps. Thesge straps may be used to tape off accelerometer
wires if necessary.

Place the pyrotechnic debris shield in front of the large bay doors
on the north side of the pyro room.

Clear area of all nonessential personnel for grain inspection.
(Only the grain inspectors (2) and the MSFC TE shall remain.)

Verify grain inspector(s) is(are);
a. Wearing 100% cotton coveralls, shorts, and undershirts.
b. Wearing a wrist strap.

¢. Wearing tethers and/or tape to keep eye glasses, rings, and
watches from falling into the motor.

The grain inspector shall now remove the security bag and cover
from the exit cone.

Perform grain inspection.

Cracked propellant? yes

10784 L S ma ll jhsonF of ETV R e

W, ” oY 2/

Zther comments on grain condition:

M

-

Y
o




6.27.1 CLEAN (f necessary) preservative or oil from the aeroheat shield [‘/]/
using a lint-free cloth and 1,1,1 Trichloroethane. DO NOT clean
over the identification.

Cleaning performed: Yes l/No

CAUTION: When using trichloroethane,personnel shall wear
chemical goggles and neoprene-Latex gloves.
Contaminated materials shall be disposed of as
hazardous waste.

CAUTION: When tsing grease, personnel shall wear Neoprene-
Latex gloves. Contaminated materials shall be
disposed of as hazardous waste.

NOTE: Dow Corning Moly Kote 55M Silicone O-ring lubricant
meets the MIL-G43483 specification.,

6272  Using a lint-free cloth and 1,1,1 Trichloroethane, an operator
wearing a properly grounded wrist stat will CLEAN (if necessary)
the sealing surface of the aeroheat shield cover and corresponding
nozzle surfaces. LUBRICATE (if necessary) the surfaces with

MIL-4343 grease.
Surface cleaned: Yes \/ No &
Surface lubricated:  Yes No__ v~

CAUTION: When using grease, personnel shall wear neoprene-
Latex gloves. Contaminated materials shall be
disposed of as hazardous waste.

6.27.3  EXAMINE seal, P/N B12879-02-01 for damage that could D’/
effect the results of the pyro shock or vibration tests,
APPLY MIL-G-4343 grease.

Seal damaged? yes @
Decription of damage:
NOTE: Extreme care must be taken when installing the seal.

Fig. 5, Appendix C). The larger lip is the seal aft face,
and the smaller lip is the seal outside diameter.

6274  INSTALL seal, P/N B12879-02-01 on the exit cone of the motor. o
Reference drawing B14036.
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CAUTION: When using thread compound, personnel sha.ll wear
shall be disposed of as hazardous waste,

6275  COAT fourteen (14) screws (NAS1101E08H10) with MIL-T-83483 M/
thread compound.

CAUTION: When installing the Aero Heat Shield, personnel shall
be extremely careful not to drop any foreign object into
the rocket motor (watches, rings, and other jewelry shall
be removed; eye glasses shall be tethered if worn),

6276  With the nozzle cant vertically up, a properly grounded operator [V]/
will INSTALL the aeroheat shield cover with the hinge on the left
or right side when aft looking forward ag specified by USBI/CSD.
Proper alignment in either position is provided by a positioning

) ; | o
Pin and mating hole ey weere €W"H“”ﬁf§?ﬁ&
(NOTE: DO NOT lockwire the screws,) £ # peveat farkeners falliy ok o

(_.,:k:.;?: M et dove of T hﬂ\f, howir€r,
6.2.7.7  INSTALL the 14 screws and TORQUE the fasteners using a [ u]/
standard cross pattern. Record the torque values.

First Pass: Finger Tight MSFC QA
Second Pass:  10-15 in-lbs Value: _/0 /5~ MSFC QA
Third Pass: 20-25in-lbs  Valye: _ZCLE MSFC QA

Fourth Pass:  20-25 in-lbg Value: _ 2o -2y MSFCQA _A¢ —
Record SN of torque wrench: _ 5492304

628 Mﬁkim-ﬂlﬁ-ﬂm&nmumm_m&m [ \J/
629 Clear Area for Test [“{

The only personnel allowed in the control room are the pyro
shock test conductor, a pyro technician, the MSFC TE, and

move to a clear area. The clear areas are defined as the NORTH
hallway of building 4619 and the area outside the pyro control room
on the WEST side. Other areas must be cleared with the MSFC TE
and the MSFC SE.
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6.29.0

6.29.1
6.29.2

6.29.3
6.294

6.29.5
6.2.9.6
6.29.7
6.29.8

6.29.9

6.29.10

6.29.11
6.29.12
6.29.13
6.29.14

6.29.15

Conduct Pyro Shock Test to the Following Parameters:

Test Parameters:

Erequency (Hz) Leve]

50 24 g peak
50 to 100 +12 db/octave
100 94 g peak
100 to 4000 +6 db/octave
4000 to 10,000 3750 g peak
Turn on the flashing light outside room 170A. [\/{
For each measurement location select an accelerometer of a type [ u}/
suitable for the amplitude expected.
Calibrate each accelerometer per ED73-SHK-FOP-008. b/

Verify test, checkout, and assembly hardware are connected to the (‘/
facility ground system.

Verify that no leads are connected to the junction box terminals. [/
Move junction box switch to "BULB" position, d
Connect 12 volts to the firing panel. M/
Insert the firing key and verify panel meter indicates the el
correct voltage,
Switch key to "ARMED" position and verify power indicator M/
light is illuminated.
Open red cover and flip firing switch, verify bulb on Junction [\J/
box lights.
Close red cover. ["]/
Switch key to "SAFE" position. [(
Move junction box switch to "METER" position, ["]/
Switch key to "ARMED" position ang verify power indicator [‘]/
light is illuminated.
Open red cover and flip the firi switch, verify that the meter [ ‘/

on junction box indicates 12 volts,
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629.16 Close red cover, [\/(

6.29.17 Switch key to "SAFE" position and disconnect voltage source, [{(
62918 Remove firing key. [ /
6.29.19 Verify that no Severe weather or electrical storms are within [V{
0 miles of the immediate Vicinity (Army Met Team 876 2465)
6.29.20 Verify that no flammab]e solvents, paints, gases, ete., are ["{
in the hazardoys area.
6.29.21 Verify all non-essential personnel are clear of the test area, %8
62922 Verify pyro technician jg. v

¢. In possession of the arming key and that the firing pane]
is in the safe Position.

6.2923 The Pyro technician gha)j remove g]l matches, lighters, [\J/
Jewelry, and al] battery-powered devices such as electrical
Wwrist watches, calculators, portable radios, etc,

62924  During periods of connecting blasting capg, MDF, and FLSC, M/
& maximum of twy people (to be designated by the MSFC TE)
will be permitted to remain in the shock areg,

6.29.25 Ingta]] required MDF or FLSC on exciter plate. (Total of 26" (VI/
of ~25 graing per foot) (See Fig. 6 and Fig. 7, Appendix C)
6.29.26 Verify switch on Jjunction box jg in "BULB" Position, [’.{

WARNING: If bulb glows, there ig sufficient radijo frequency in
the area to Possibly cauge detonation of the blasting
cap. The cap should be left shorted and returned to
room 170B storage cabinet, A]] blasting activitieg
. ['] * L3 RF

6.2927
6.29.28

6.2.9.29




62930 In room 170, verify that wrist straps are in place. [-4/
6.29.31 Insta]] blasting cap on exciter plate. v d
6.29.32 Pregg blasting cap shorting coj] firmly agajingt facility ground M/
for 1 second. In order to short the leads, remove enough shorting
coil from the blasting cap to attach alligator clip.
6.29.3¢4 Remove shorting coj). [V{
6.29.35 Move switch on Junction box to "METER position [\)/
6.2.9.36 Verify 0 (zero) volts on meter. KV~

62937 Move Junction box switch to "BULB position [ /

6.29.38 Insta] blasting cap leads in Junction box, move switch to [\d/
"FIRE" Position, and remove alligator clip.

62939 The Pyro technician sgha]) now leave the area, close the door, [\'}/

and inform the MSFC TE of the statysg,
63  Detonation of Pyrotechnics

631 The lead PYTo engineer sha]] Now prepare the data acquisition [\J/
System to acquire data.

632 Start the tape recorder., ["1/

633 Connect firing lines to the pyro contro} room junction boy. [/

634 The lead PYT0 engineer, the PYyTo technician, the MSFC TE, ang [ V]/

the MSFC SE shall now leaye the pyro contro] room and move to
the clear areg outside,

635 Connect firing pane] voltage supply and ingert firing key, N/
verify that the eter indicateg the appropriate voltage, -
636 Begin countdown, [ q/
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63.7 On the count of "3" the PYyro technicign shall py¢ the switch
in the "ARMED" Position ang verify that the Power indicator

is illuminated.

638 On the FIRE Command, the PYTo technician will open the red
cover and flip the firing Switch,

639 After firing, turn the firing panej key to the "UNARMED"

Position,

WARNING:; If blasting €ap does not fire, refer to Section 10 4
i FOP. (

6.3.10 Remove the arming key and disconnect the voltage supply.

63.11 Test pPersonne] Inay now return to the control room.

63.12 Wait a minimum
the door to room 1

of 5 minuteg after firing before Opening
70.

6.3.13 The lead PyTo engineer shall now begin to reduce the data.

64 Post Test Inspection
64.1 Inform the MSFC TF that the door to room 170 from the contro]

room is to be opened.

642 The PyTo technician shall enter room 170 and moye the junction
box switch to the "BULB" Position,
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6.5.1

6.52

6.5.3

6.54

6.5.5
6.5.6

6.5.7

6.5.8

6.5.9

6.6

Have a certified fork lift (500 pound minimum) ready to load the [v]/
BSM and pallet onto the transport truck.

CAUTION: Exercise care not to entangle or tug on the motor
grounding strap during the following lifting

operations.
Tighten the lifting straps using the overhead crane so that [v}/
the bolts can be loosened.
De-torque and remove the bolts that attach the brackets [Vf
to the pyro plate.

CAUTION: The following steps involve working with a suspended
load. Keep hands and feet out from under the load.

Remove custom shims and place in labeled bag for use in the T

vibration tests.

Lower the motor to waist height. [v]/

Rotate the motor 90 degrees so that the brackets can be mounted [V]/

onthepallet. placed on feor, ap osluilss T _
(armied mat) e r-2-23 ;2‘[?} §-1 /

Using the overhead crane, place the motor on the pallet so that [

it rests on the aft skirt support brackets and is aligned with the
pre-drilled bolt holes.

With the test item resting on the brackets, unhook the belly ['v]/
straps from the horizontal stabilizing bar.
Bolt the test item to the pallet using the provided fasteners for [Vf
transport to vibration.

Motor secured to pallet, Clﬂ\/ MSFC TE

Test Report and Data Requirements

A final test report will be submitted to UT/CSD within 30 working days after
testing is completed. Three copies plus one reproducible copy of this report
will be submitted containing shock response spectrum (SRS) plots (with
Q=10 value) and the time history plots. The test tolerances shall be
overplotted on the control spectrum.

Model numbers and serial numbers for all instrumentation and test
equipment shall be included in the report . Test setup photos should
also be included in the report.
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7.0

Post Test Verificati

The procedure delineated in the above document has been
satisfactorily completed and :

a. All sequences in the procedure have been completed (or
deleted by approved deviation)

b. All Procedure changes have been recorded and approved.

Submitted Verified by: _ZZ/MQMM
est Engineer

Date: O?/Z/ /Q J

Motor Serial Number: [0007 34’
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66 Axis Change from Tangentia] to Longitudina]
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74 Adapter Plate Remova]

7 Aft Skirt Bracket Removal

Return Motoy to Vertical Position
Place Motor in Shipping Container
Test Report

Post Test Veriﬁcation



EG5300.364 Safety

29 CFR 1919 Occupatlonal Safety ang Health Adzmmstratlon
(0S

NSSGo 1740.9 Safety Standard for Lifting Devices ang Equipment

NHB 1700.1(v1) Basic Safety Manugaj
AMC-R 385-100 Safety Manua]

EP01~SOP-01 Standard Operating Procedure for Safety Critical
Peratio
MM 17004 Safety ang Environmental Health Hazardg
MMI 1700.17 MSFC Procedures for Acqumng thppmg Permitg for
cket Motors and |
MMI 1710.1 Safety Review ang Approva] of Hazardoyg and Potentially
Hazardoyg Facilitieg and Activitjeg at MSFC
MMI 17106 MSFC Program fo Personne] Certification
MMI 17119 Mishap Reporting and Investlgatxon
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3.0

MMT 18451 Hazarg Commumcation Program
MMI 6400 2 Packaging, Handhng, and Moving Program Critical
ardware

MSFC-STD-ISOO Electrostatic Discharge (ESD) Contro} for Propellant and
Explosive Devices

MSFC-STD-126E Inspection, Maintenance, Proof Testing and Certiﬁcation
of Handling Equipment

CSD-5597.93.; Rev. B Enhanceq Del
Se

ta Quah‘ﬁcation Test Plan for Booster
9

Paration Motor (BSM), Aug. 6, 19 3
10SPC-0067 Rev. A Speciﬁcation for Booster Separation Motors for Space
i 4)

Ambulance
Fi

ire
Security
Utilities

Medica] Center

Commum'

32  Prior to Starting

shall be made fq
Personne],

MSFC g

Date / Time:_o”i/ 2570,

cation Repajr

112
117
44357
4-3919
4-2390
41T

work in 4619 a visua] insnecﬁon of work area

T anomaljeg by

33 Personne] shall not work or po

Suspended loadg

ess such ]
adequately blocked up.

task Supervisor ang safety

39




34

3.5

3.6

3.7

3.8

3.9

3.10

3.11

312
3.13

Objects handleq by overhead hojst shall be lifted only high
enough to cleay fixed objects in the path of trave], Spreader
bars and slings may be left op the hoigt if desired whep not in
use, but must be raised so that the lowest part of the lifting
equipment wij] be at Jeast Seven feet from the floor when not in
use.

Certificationg checked by: wh
Date / Time: zf/?) S eAn

the Possibility of being crushed between the Suspended loaq
and a fixed object.

Loads sha]j be moveqd slowly so they wil) not accumulate more
momentum thap can be stopped with little or no Swing,

Where handh'ng slings are called out, 4 sling with more
Pickup pointg than requireq may be uged if the weight capacity
Per point uged ig equal or greater than the weight Capacity of
each point of the noted sling and the free Pickup point is (are)
Secured to prevent it (them) from swinging and causing
damage to parts,

3.13.1 Lift operationg
3.13.2 Solvent Use (See NOTE)
3.133 Live (Loaded) Soliq Rocket Motor
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NOTE: Grease and solvent use are only "if needed" as
determined by the MSFC TE and CSD TE.

314 Any time a crane is being used, it must be dogged if:

3141 The load will be suspended in a static condition for an
extended amount of time.

3.142 A crane operator crew change or substitution must be made.

3.15 No electric power tools shall be used near the live test item.
Use of pneumatic tools is acceptable.

316 All ground cables and ground straps end-to-end resistances
shall be verified with a multimeter. These resistances
must measure less than 1 ohm.

3.17  All personnel within touching distance shall wear a wrist
strap that has been checked with a wrist strap checker. This
step should be performed each time the wrist strap ground is
broken.

3.18 All personnel within touching distance of open grain
propellant (and ordnance) shall wear antistatic coveralls.

Test Items and Test Requirements

41 Test Items

The test item for the vibration tests consist of a BSM which will
be tested in the aft motor configuration. The motor will be
tested with an aero heat shield over the exit cone. The motor
weighs approximately 154 pounds.

) S‘OF *Q -
Motor Serial Number _/)0073 4 Conditioning Temp. __ 2 -3

42 Test Requirements
42.1 Test Tolerances

The tolerances applicable to the test conditions are as follows:
(Unless otherwise stated in the procedure)

Vibration Frequency: + 5%

Test Duration: +10%, -0%

Temperature: +5°F

Sinusoidal Control Signal +10%
Maximum Harmonic Distortion

Sinusoidal Peak Acceleration +20%, -10%
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Composite Root Mean Square
— Acceleration

110%
Acceleration Spectra] Density +100%, -25¢,
(+3dB, -1.5dB)
422 Tegt Data

rding instruments will be
ata sheetg and/or log sheets,
Sheets wi]] identj 8t bej
art

perfol'med, the
, and the applicabje test

by drawing a

€ new entry will be

and injtialeq by the person making

8i and dated at the bottom of

€ person making the entries, anq counter g;
View,

gned
43

(+0, -5 °F)

will be vibration tested at 5
-, 1€ motor wi]] either b tes
rat 125°p (+5 d i
qualifi

ted at 25°F
cation motq, this p
431 The MSFc TE s

e
ground frop, the
. € motor shaj) remain

e Iightning 18 out of r

ange,
4312 When reconnecting
100Kohm reg;

e

- 1118 allowg any charge
'Pate to groypq. The

OF no less th .

resistor should pe
an 30 Seconds
43.1.3 Aﬁ.er the g
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432  The test site's relative humidity must be above 20%. If the humidity [ l‘}/
is below 20%, all test operationg must cease unti] favorable weather
conditions resume,

<, , <
Test site's relative humidity  7( %o MSFCTE /3 B! F
t\.\i" lI:LO Grem .

44 Test Equipment

44.1 Al measurements shall be made witl_l instruments and

4421  The heaviest lift during a]] of the delta qualification testing [\J/
will be lifting the motor while in jtg shipping container.
The motor and shipping container together weigh abouyt 310 1bs.
All forklifts and overhead hoists mugt be load (break) tested
to at least 110% of thig weight (i.e. 350 Ibs.), This test must be
performed prior to any handling of the BSM but does not need to

lower to ground three times, holding for five minutes on the
third lift. Lifting straps and spreader bar should be attached
during the lift.
SEE APPENDIX C FOR THE PROOF TEST INSPECTION SHEETS.
45 Test Procedure
451 After review and documented approval, a redline change to
this procedure may be performed. Approval shall be by a
minimum of the MSFC TE, MSFC QA, and MSFC SE.
452 As soon as possib!e after a tegt failure, a gle\fiation ﬁ'gm the

representative of the évent verbally and wil] then generate a
Test Procedure Deviation (NASA form 3959), A copy of the Test
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5.0

6.0

Procedure Deviation is presented in Appendix A. Photographs
of any discrepancies shall also be taken,

p | Responsibilic

5.1

5.2

53

54

5.5

6.0.1

6.02

6.1

Test Witnessing
All tests will be witnessed by the authorized UT/CSD
representative and USB] Teépresentative. The MSFC test
engineer will also witness the testing. Notification of the start
of each test shall be communicated to the authorized UT/CSD
and test engineer at least 2 hours in advance,

MSFC Safety Notified 2B

UT/CSD Notified A3

test. All handling of the BSM will be directed by the
MSFC TE or cognizant test engineer.

Jim McGee (vibration) shall be responsible for
Photographic coverage of the vibration test activities.

All involved lab directors and division chiefs shall be notified [/
prior to testing,

Open the doors that enter the vibration test room from the
high bay of bldg. 4619.

Re-check system setup. Verify chamber temperature. [-’]/




62 Radial Axis Tests
62.1 Assemble the leg supports on the conditioning chamber. [\/
622  Lift Off Vibration

622.1 The following levels and conditions apply for the lift off vibration [VI/
tests. Vibrate the motor only as follows for a duration of 60 seconds:
Frequency (Hz) Level
2 0.017 g2/H;
20 to 55 +6 db/octave
55 to 200 0.077 g2/Hz
200 to 280 -11 db/octave
280 to 1200 0.022 g2/Hz
1200 to 2000 -4.5 db/octave
2000 0.010 g2/Hz

Composite: 6.9 grms
623  Boost Vibration

6.23.1 The following levels and conditions apply for the boost vibration ﬁ/
tests. Vibrate the motor only as follows for a duration of 120
seconds:
Frequency (Hz) Level
20 to 200 0.54 g2/Hz
200 to 350 -12 db/octave
350 to 1000 0.060 g2/Hz
1000 to 2000 -6 db/octave
2000 0.015 g2/Hz

Composite: 14.0 grms
624  Vehicle Dynamics Vibration

6.24.1 The following levels and conditions apply for the vehicle dynamics [/
tests. Vibrate the motor only as follows:

Erequency (Hz) Leve]
Sto 10 0.7 g peak
10to 40 3.7 g peak

Sweep Rate: 3 octaves per minute
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631 Remove leg supportg from conditioning chamber [ d/

6.32 Disconnect the conditioning ypj¢ from the conditioning chamber P’(

6.3.3 Inspection certificationg shall be Provided for the overhead 'K 520 oy 2
Cranes in 4619 .

Crane #1, Bldg. 4619 rm. 156 certification provided &

Crane #2, Bldg. 4619 Tm. 158 Certification Provided &
6.34 Certificationg for all lifting fixtures shaj] be provided:

Lifting beam assembly Certification provided (/‘/E

Lifting rings (D-rings) — 3
CAUTION. Be care not to disconnect the motor ground
while liftin

6.3.5 Using the overhead ¢rane, lift the conditioning chamber off of the [ "J/
vibration table and Place it on the floor.,

Record time whep chamber wag removed _i2 0@ 5, 01[2(/4 7

6.3.6 Verify motor ground connectjop on the motor and at the facility [‘(
ground contgct point,

6.3.7 Disconnect the instrumentatjqp wires. Remove any other M/
instrumentation that is ng longer needed or that might interfere
with motor transport. 29 7
Teeor, PG othsly
638 Attach the lifting 8traps (as shown in Fig. 14 t§ € motor [ \l/

and spreader bar and hook to the overhead crape,

CAUTION: The following step involves working with 2 suspended
load, Keep feet and hands oy¢ from undep the load,
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6.3.10

6.3.11

63.12

Slowly lift the motor off of the table and place it on the facility's [\J/
25

roll cart, RL T-25-73 @gq'zr—w

/M iRyt
Umm'bﬁfﬁam—éﬂjng.m Leave straps wrapped 4
around the motor.

Open the doors that enter the high bay in room 158, [ ’I/

CAUTION: Make sure that the ground strap is long enough to
port

CAUTION: Be careful not to disconnect the motor ground

while lifting,

CAUTION: The following step involveg working with g suspended

load. Keep feet and hands out from under the load,

6.3.15 Using the overhead crane, lift the motor from the pull cart [ “]/
and place it on the vibration table,
6.3.16 Align the adapter plates with the holes on the table. [V}/
6317  Fasten the adapter plates to the table using the facility supplied [V]/
fasteners. Torque these fasteners to 65 ft-1bs.
Record torque value: _6§ -1 MSFC QA L
Torque wrench SN: R7Wv - ZR(E
63.18  Remove al] lifting hardware. M/
63.19  Attach accelerometers to the motor (see Fig. 2) [V]/
6320  Reconnect accelerometer wireg, M/
64 Thermal Cond.itlomng Setup for Tangential and Longitudina]
Axis
641 Use the overhead crane to place the conditioning chamber over Gl
€ motor
642 Once the chamber is in place, attach the necessary hoses and [U}/
instrumentation from the conditioning unit to the chamber.
CRAINAL PAGE B 48
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643 Make sure the chamber thermocouple is in the correct position ["I/
for measuring the air temperature around the motor.

644 Make sure the motor ground strap is secured. I

645 Activate conditioning unit and monitor the temperature until it [v]/
has stabilized to the desired temperature.

Record time/temp. when stabilized: _J2.2% 4_25‘ F kﬂ( lé'v"r‘J '/‘ 2/ F
Record total time out of conditioning: 22.5 run fetore deihng

646 Recondition motor for twice the time out of conditioning if out more M/
than 30 minutes.

Reconditioning necessary:  Yes @
If yes, how long does motor need reconditioned? af / A
6.5 Tangential Axis Tests
6.5.1 Lift Off Vibration
6.5.1.1 The following levels and conditions apply for the lift off vibration [V]/
tests. Vibrate the motor only as follows for a duration of 60 seconds:
Frequency (Hz) Level
20 0.016 g2/Hz
20 to 75 +3 db/octave
75 to 1000 0.060 g2/Hz
1000 to 2000 -3 db/octave
2000 0.030 g2/Hz
Composite: 10.0 grms
6.52 Boost Vibration
6.52.1 The following levels and conditions apply for the boost vibration [\d/
tests. Vibrate the motor only as follows for a duration of 120 seconds.
Erequency (Hz) Level
20 to 800 0.24 g2/Hz
800 to 2000 -4 db/octave
2000 0.071 g2Hz

Composite: 18.4 grms
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6.5.3 Vehicle Dynamics

6.53.1 The following levels and conditions apply for the vehicle dynamics Ev}/
tests. Vibrate the motor only as follows:

Erequency (Hz) Level
5to 10 0.7 g peak
10t0 40 4.3 g peak

Sweep Rate: 3 octaves per minute
66 Axis Change From Tangential to Longitudinal

6.6.1 Disconnect conditioning unit from conditioning chamber. [v}/
662 Attach overhead crane to the conditioning chamber. [\,}/
6.6.3 Slowly lift the conditioning box off of the test item and move it [d/

away and move it away from the vibration table and place on
the floor. Disconnect lifting hardware.

Record time of chamber removal: /' 29 foa. a1l 25/ 97

664 Verify motor ground connection on the motor and at the facility I/
ground contact point.

66.5 Remove adapter plate to vibration table fasteners. M/

6.66 Unhook control accelerometer., [\}/

CAUTION: Be careful not to disconnect the ground when
changing the axis on the table.

CAUTION: The following step involves working with a suspended
load. Keep feet and hands out from under the load.

6.6.7 Rotate the motor and bracket assembly 90° using the overhead crane. [\/
Disconnect lifting hardware.

668 Re-attach adapter plate to vibration table fasteners. [b]/
Torque to 65 ft-lbs.

Record torque value: _($ 1S MSFC QA o
Torque wrench SN: _BTW - (¢ F
669 Reconnect control accelerometer. [V]/
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6.6.10 Reconnect lifting hardware to the conditioning chamber and place it [\}/
over the motor. Reconnect chamber legs as necessary.

6.6.11 If necessary, re-attach hoses, instrumentation, etc., before starting [\«]/
conditioning unit.

66.12 Start conditioning unit. Monitor until it has stabilized to the [\«J/
desired temperature. c
. Stubilyd ot 228 =
Record time/temp. when stabilized: [:53 p.n. <25°F 7| 0% 57
Record total time out of tolerance: 20 min

6.6.13 Recondition motor for twice the time out of tolerance if the time [V]/
out was greater than 30 minutes.

Reconditioning necessary: Yes ﬁéo )
If Yes, how long does the motor n conditioning? NA

6.7 Longitudinal Axis Test

6.7.1 Lift Off Vibration
6.7.1.1 The following levels and conditions apply for the lift off vibration [VI/
test. Vibrate the motor only as follows for a duration of 60 seconds.
Erequency (Hz) Level
2 0.016 g2/Hz
20 to 75 +3 db/octave
75 to 1000 0.060 g2/Hz
1000 to 2000 -3 db/octave
2000 0.030 g2/Hz

Composite: 10.0 grms

6.72 Boost Vibration
6.72.1 The following levels and conditions apply for the boost vibration L}/
test. Vibrate the motor only as follows for a duration of 120 seconds.
Frequency (Hz) Level
20 to 800 0.24 g2/Hz
800 to 2000 -4 db/octave
2000 0.071 g2/Hz

Composite: 18.4 grms
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6.7.3 Vehicle Dynamics

6.7.3.1 The following levels and conditions apply for the vehicle dynamics
test. Vibrate the motor only as follows.

Frequency (Hz) Level
5t 10 0.7 g peak
10to 40 4.3 g peak

Sweep Rate: 3 octaves per minute
68 Post Test Inspecticn

681 The BSM test item shall be visually inspected by the MSFC QA,
MSFC TE, and the CSD TE for exterior damage resulting from

vibration testing. 3 faskenes dotoued 5 lig A+(7

682 Remove all instrumentation.

6.9 Data Requirements
Power Spectral Density (PSD) plots for all control and response
accelerometers for lift off and boost tests shall be recorded. The
test tolerances shall be overplotted on the control accelerometers

plots. Acceleration versus frequency plots shall be recorded for all
accelerometers used during vehicle dynamics tests.

Post Test Di blv/P for Shi :
71 Conditioning Chamber Removal

711 Disconnect any hoses and instrumentation that hinders
the removal of the chamber.

712 Using the overhead crane, slowly lift the conditioning chamber
off of the vibration table and place on the floor.

713 Move chamber out of the way.
7.14 Move the conditioning unit out of the way if necessary.

7.15 Verify motor ground connection on the motor and at the facility
ground contact point.

7.16 Remove vibration table insulation.
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72 Aero Heat Shield Removal

WARNING: Removing the Aero Heat Shield exposes the motor's
pPropellant grain. Personne] should use caution during
any operations with and exposed grain. Tools,
watches, eye glasses, etc., should be tethered (if
necessary) to prevent dropping anything into the

motor.
72.1 Make sure the motor ground is secured. [v]/
722 Make sure verified wrist straps are being worn by the personnel e
removing the aero heat shield.
723 Remove the fasteners from the Aero Heat Shield. [v]/
Place the fasteners in a marked bag.
723 SLOWLY remove the Aero Heat Shield. [;J/
725 Remove the heat shield seal. Do not drop the seal into the motor. [ v]/

73  Post Test Inspection of Motor Propellant Grain
731 Make sure motor ground wire is secured. ["]/

732 Clear area of all non-essential personnel. Only the grain inspectors [v]/
(2) and the MSFC TE shall remain.

733 Verify grain inspector(s) is(are): [\J/
a. Wearing 100% cotton coveralls, shorts, and undershirts,
b. Wearing a wrist strap.

¢. Wearing tethers and/or tape to keep eye glasses, rings, and
watches from falling into the motor.

734 Perform grain inspection. [JJ/
Cracked propellant yes

If yes, give approximate location and size of crack:

53




Other comments on grain condition:

AV/S. i i 2 4.

735 A draw-wjire, fabric, security bag shall be installed over the v

74.1 Remove the adapter plate to vibration table fasteners. M/
742 Attach lifting straps as shown in Fig. 1b (Appendix B). Yy

CAUTION: Be careful not to disconnect the ground while
lifting the motor,

CAUTION: The following step involvesg working with g suspended
load. Keep hands and feet out from under the load,

743 Lift the motor off of the vibration table and move to an area [ ‘i/
near the wood supports.

744 Lower the motor so that it rests on the wood supports. [VI/

745 Rotate the motor 180° so that the adapter plates face up. [“’]/

746 Remove the bracket to adapter plate fasteners. Place fasteners [\I/
in a marked bag.

CAUTION: Be careful not to disconnect the ground while
lifting the motor.

CAUTION: The following step involvesg working with g suspended
load. Keep hands anqd feet out from under the load,

75 Aft Skirt Bracket Removal l\/

75.1 Remove the aft end motor to bracket fasteners (12 places).
Place fasteners in a marked bag,
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8.0

752
753

754

755

8.1

82

8.3

84

85

8.6

CAUTION: Be careful not to disconnect the ground while

lifting the motor,

CAUTION: The following step involveg working with g suspended

load. Keep hands anqg feet out from under the load,

Lift the motor to waist height using the overhead Crane. [\'d/
Rotate the motor 180° so that the bracket to adapter plate [«J/
fastener holes face the floor,

Lower the motor so that it rests on the wood supports. [\J/
Remove forward end motor to bracket fasteners (8 places). [\‘)/
Place fasteners in a marked bag. Larht fon ok g g

, 1
Return Motor to the Vertigg) p iti +ed frce -
o

Attach 2 D-rings, 180 degrees apart, and one lifting strap
to the aft end holes of the motor.,

Attach the "break-over" brackets (and lifting strap) to the [~—]/
appropriate bolt holes on the forward face of the motor cage
Attach the aft lifting strap to the overhead crane hook. [ Q/

CAUTION: The following steps involve working with g suspended

load, Keep hands and feet out from under the load,

CAUTION: Be careful not to disconnect the ground while

lifting the motor,

One person (ag chosen by the MSFC TE) shaj) hold the lifting [ \)/
strap on the forward end to keep the motor from swinging when

lifted from the aft end. Slowly lift the aft end of the motor to bring

it to a vertical position.

Raise the motor 80 that the aft end ig at waist height. [t.l/

CAUTION: The following steps involve working with g suspended

load. Keep handsg and feet out from under the load,

Disconnect the "break-over" brackets, Place brackets in a [N-}/
marked bag,
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— 90 mmmm-hﬁhmmm,
v

91 Remove lid from shipping container by removing the lock-ring
bolt and nut, lockring, and cover. (See Fig. 3 for an overall view
of the shipping container),

92 Remove top cushion insert, Make sure that the top bearing plate [ \J/
) X - hugaid:

93  Remove the bearing plate from the tie rods. DO NOT remove the S d
tie rod nuts.

94 Remove and discard any old bags of desiccant,. M/

95  Drape the loose end of the container ground strap over the edge [V}/
of the container,

96 Visually inspect the container interior to assure it is free of any (4

foreign matter. Vacuum interior if required.

— 97 Attacha ground wire to facility ground and verify itg resistance. M
Resistance shal] measure less than gne (1) ohm.

98  Connect this ground wire to the motor shipping container and Gl

99  Install the antist.atic foamed plastic line_r tightly around thg motor ["{

910 Install the antistatic plastic film bag, up and over the motor, i
9.11 Visually orientate the motor nozzle cant to the side of the container [u}/

indicated by the marking, "POSITION N OZZLE CANT THIS SIDE"
on the cushion insert,.
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After initia] reading over 1.0 kilovolt, repeat
electrostatic reading at intervals not to exceed 5
minutes until the the voltage hag dissipated below 1.0
kilovolt. When the reading is below 1.0 kilovolt,
removal operations may continue,

If after 30 minutes the measured electrostatic charge

is in excess of 1.0 kilovolt, Veri facility ground. If

Connection to facility ground ig open, reconnect
ugh

larger resistor (100 Kohm min.) to allow g slow

discharge of the motor case,

If the electrostatic reading on the case surface exceeds
4.0 kilovolts, STOP all activities on the case, notify
safety , and €vacuate al] personnel to safe locations,

CAUTION: Make new ground before breaking old ground,
9.13 Attach the container ground wipe to the motor using the 1/4-20 [C]/

C x 3/4 long bolt and nut provided, Torque to 50 in-lbs +5 in-lbs,
Measure resistance to verify ground (should be <1 ohm),

Record torque valye: @/4-/51 MSFCQAL
Torque wrench SN: 6¥X1%0
Resistance Measureq 0l msre QA __ Q.
914 Disconnect ground wire Connecting the motor and facility ground. Cul

915  Remove lifting hardware, [q/
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9.16 Visually orientate the top bearing plate to the nozzle cant, indicated [v)/
by the marking on the plate "POSITION THIS SIDE TO THE
NOZZLE CANT", and place it over the nozzle and three tie rods and
bring it to rest on the motor flange. Tighten and torque tie rod nuts
to 20 in-lbs +2 in-lbs.

Record torque value: __ <O (a-|bs MSFC QA_,QL
Torque wrench SN: __ G ¥/ YO
CAUTION: Make sure that the top bearing plate is indexed to the

motor case O.D. and is resting flat on the top of the
flange.

Also, make sure that the groundmg strap terminal
and attach nut and bolt head is positioned in the
clearance hole in the plate.

9.17  Place twelve (12) 16 unit size bags of fresh desiccant into the 9
container in the cavity around the top bearing plate.

CAUTION: Once the bagged desiccant has been put into the
container, the remaining packaging steps must
be completed immediately and the container closed
to prevent the desiccant from over exposure to free
air circulation.

If, after the desiccant has been placed into the
container, the packaging cannot be completed,
close the container until Packaging can be resumed.

9.18 Install the top cushion insert. Make sure that its index slot, on [\}/
the bottom face, matches with the index block on the top bearing
plate. .
919 Place the motor log book and any other required documentation [LJ/

into a suitable size electrostatic free plastic bag (3M velostat or
Richmond Pink Poly) and place into the stowage slot provided /
in the top cushion insert. O (09 boox  NB odfesle3
g-25-13 RL?-2573
920 Place the container lid onto the container, making sure that there cd
is no foreign matter on the lid gasket or container rim.

921 Install the lockring, with its bolt flanges positioned (centered) (]
between the container humidity indicator and lifting grip.
Install the bolt and nut and torque to 6 ft-lbs + 1/2 ft-1bs (72 in-Ibs).

Record torque value: é :E?l'lés MSFCQA___ 42
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make sure the
tainer jg Properly labeleq,
gC

Reference
Rev, C, dateq 5-23.
10 ang subsequeng,

Personnge] ¢

CSD's

89 Sectiong

i Performed Le., data
pes, data plots, and Completed datq 8 sheetg
F Yy alteration or deviation from thijg Procedure w;
described in detaj] by a Notice of Deviation and included in
the i report
Mode] Dumbers ang Seria] Numbers for 4] instrmnentation and
St equipment shall be included jp the report .
-23-73
—_— 72 //?.-\.
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—110 Post Test Verification

The procedure delineated in the above document has been
satisfactorily completed and :

a. All sequences in the procedure have been completed (or
deleted by approved deviation)

b. All Procedure changes have been recorded and approved.

Submitted Verified by: Vf/f’g{tw

Test Engineer

Date: _UC ‘{/ z{/ 1

Motor Serial Number: __ /000 7 34
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Appendix A

Test Procedure Deviation
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Figures
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A
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FIGURE 1. LIFTING STRAP ATTACHMENTS
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Included in thig Procedure are the steps to assemble t.hé BSM
to the aft skirt support brackets,

Objective

The objective of the pyro shock testing is to verify the physica]
and functional survivability of the Booster Separation Motors.
Of particular interest for these tests are the components
bonded using EA9394 adhesive. The components using thig
adhesive include the throat insert, the centering insert, and the
igniter grain support rod.

Applicable Documents

MSFC-STD-513A Certification of Equipment Operations and

EG5300.36A Safety

29CFR 1910 Occupationa] Safety and Health Administration
(OSHA)

NSS/GO 17409 Safety Standard for Lifting Devices and Equipment

NHB 1700.1(v1) Basic Safety Manua]
AMC-R 385-100 Safety Manual

EP01-SOP-01 Standard Operating Procedure for Safety Critical
Operationg

MM 1700.4 Safety and Environmenta] Health Hazards

MMI 1700.17 MSFC Procedures for Acquiring Shipping Permits for
Rocket Motors and Igniters

MMI 1710.1 Safety Review and Approval of Hazardous and Potentially
Hazardous Facilities and Activities at MSFC

MMI 1710.6 MSFC Program for Personnel Certification

MMI 1711.2 Mishap Reporting and Investigation
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3.0

MMI 1845.1 Hazard Communication Program
MMI 6400.2 Packaging, Handling, and Moving Program Critical
Hardware

MSFC-RQMT-1493 Electrostatic Discharge Contro] Requirements
MSFC-STD-1800 Electrostatic Discharge (ESD) Control for Propellant and
s

Explosive Device

MSFC-STD-126E Inspection, Maintenance, Proof Testing and Certification

of Handling Equipment

CSD-5597-93-1 Rev. B Enhanced Delta Qualification Test Plan for Booster

Separation Motor (BSM), Aug. 6, 1993

10SPC-0067 Rev. A Specification for Booster Separation Motors for Space

Shuttle Solid Rocket Booster (thru SCN 014)

Safety

3.1

3.11

32

The following safety criteria are in accordance with ETQ 1-SOP-
01, Rev. A., "Standard Operation Procedures for Safety Critical
Operations”, If safety rules/regulations are not followed,
injury to personnel and/or damage to tegt items could occur.

Emergency telephone numbers are as follows:

Safety 40046
Ambulance 112
Fire 117
Security 44357
Utilities 4-3919
Medical Center 4-2390

Communication Repair 41771

Prior to starting work in 4619 a visual inspection of the work
area shall be made for anomalies by the MSFC TE and MSFC
SE

msretE MR wsross X ’/j

Date / Time: GQ/ZJJ/_‘L}_
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33

34

3.5

3.6

3.7

3.8

39

3.10

311

3.12

Personnel shall not work or position themselves beneath
suspended loads unless such loads are securely and
adequately blocked up.

Objects handled by overhead hoist shall be lifted only high
enough to clear fixed objects in the path of travel. Spreader
bars and slings may be left on the hoist if desired when not in
use, but must be raised so that the lowest part of the lifting
equipment will be at least seven feet from the floor when not in
use.

Crane, hoist, prime lift operators, and riggers shall be certified
according to the latest revision of MMI 1710.6, and shall have
in their possession a valid certification card.

Certifications checked by: /U&

Date / Time: 022121"!3 G.ovo oo

Personnel working around suspended loads shall be alert to
the possibility of being crushed between the suspended load
and a fixed object.

Loads shall be moved slowly so they will not accumulate more
momentum than can be stopped with little or no swing.

Where handling slings are called out, a sling with more
pickup points than required may be used if the weight capacity
per point used is equal or greater than the weight capacity of
each point of the noted sling and the free pickup point is (are)
secured to prevent it (them) from swinging and causing
damage to parts.

Only the area coordinator should direct the crane moves,
however, any person determining an immediate danger or
problem may request stoppage of activities.

The lifting or transportation operation shall be halted by the
area coordinator at any time the control area cannot be
maintained.

Steel toe shoes are required during lifting operations.
Hardhats are required when the lift is at or above the
shoulders.

Tag line operators are to wear leather gloves.
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40

3.13.1 Lift Operationsg
3.132 Solvent Use (See NOTE)
3.133 Live (Loaded) Solid Rocket Motor (propellant

handhng)

NOTE; Grease and solvent use are only "jf Deeded" a4
determined by the MSFC TE and CSD TE,

3.141 The load wil] be Suspended in g static condition for an
extended amount of time,

315 No electric power tools shal] be used near the live tegt item,
Use of Pneumatic toolg jg acceptable.

316 Al ground cabjeg and ground Straps end-to-end resistanceg
shall be verified with g multimetep. These resistanceg
Must measure Jegg than 1 ohp,

317 Al personnel withip touching distance of the BSM or ordnance
shall wear 5 wrist Strap that hag been checked with a wrigt
strap checker.,

318 Al personnel withjn touching distance of open grain
319 Wrist Strap connections to facility ground must pe verified. Thig step

320 In case of an accidentg] B§M ignition, the nearest ﬁre alarm pyj)
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422

43
430

431

4311

4312

43.13

Test Requirements
Test Tolerances

Unless otherwise stated in this procedure, the tolerances
applicable to the test conditions described shall be as specified
in MIL-STD-810D. These tolerances are as follows:

Shock Response Spectrum: +6dB, -3dB

(when analyzed with a 1/3 octave shock
spectrum analyzer and 5% damping)

Test Data

All data taken with non-recording instruments will be
recorded in ink directly onto data sheets and/or log sheets.

The log or data sheets will identify the test being performed, the
test item, the item part number, and the applicable test
procedure. Corrections or changes will be made by drawing a
single line through the original entry. The new entry will be
made directly above the old and initialed by the person making
the entry. Each page will be signed and dated at the bottom of
the page by the person making the entries, and counter signed
by the test engineer after review.

Test Conditions

The pyrotechnic shock tests for both motors will be conducted
at the test site's ambient temperature.
M/

The MSFC TE shall check with the Army MET team to ensure that
there is no lightning within 10 miles.
(MET team phone number....876-2465).

If lightning is within 10 miles during any time that a live
BSM is in building 4619, the MSFC TE shall make
arrangements to disconnect the motor ground from the
facility ground. The motor shall remain ungrounded until
the lightning is out of range.

When reconnecting the ground after a lightning storm, a
100Kohm resistor should be connected to the ground wire from the
motor before connecting to facility ground. This allows any charge
on the motor to slowly dissipate to ground. The resistor should be
left connected for no less than 30 seconds.

After the specified time, disconnect the ground wire from

facility ground and remove the resistor. Reconnect the
ground strap from the motor to facility ground.
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432

45
45.1

452

The test site's relative humidity must pe above 20%, Ir the humidity
is below 20%, all test Operations must cegge until favorable weather
conditions resume,

Test site's relative humidity 9 [ e MSFC TE . Li;

Test Equipment

All forklifts and overhead hoistg must be load (break) tested

to at least 110% of this weight (j.e, 350 lbs.). Thig test must be
performed prior to any handling of the BSM but does not need to
be repeated unti] something other than the BSM is lifted by the
dling equipment, It is therefore recommended that

After review and documenteq approval, a redline change to
this procedure may be performeq. Approval sha]] be by a
minimum of MSFC TE, MSFC SE, and the MSFC QA.

As soon ag possible after a tegt failure, a deviation from the
Specified test environment or any 9ther inci




Procedure Deviation is presented in Appendix B. Photographs
of any discrepancies shall also be taken.

50 P LR ibiliti

51

52

5.3

54

5.5

5.6

5.7

Test Witnessing

All tests will be witnessed by the authorized UT/CSD
representative and USBI representative. The MSFC test
engineer will also witness the testing. Notification of the start
of each test shall be communicated to the authorized UT/CSD
and USBI representatives and the MSFC safety representative
and test engineer at least 2 hours in advance.

MSFC Safety Notified Vi
UT/CSD Notified V%

The MSFC TE will serve as the area coordinator for the
test. All handling of the BSM will be directed by the
MSFC TE or cognizant test engineer.

Jim Herring (pyro shock) shall be responsible for
photographic coverage of the pyro shock test activities.

The area around the outside of the pyro shock facility shall be ['/
secured before the live BSM is brought to the pyro shock test site.

Area secured? (YES)  NO #B_MSFC TE

Comments:

The MSFC TE shall notify the fire department prior to delivery [/
of the BSM. (Fire dept. phone #...117).

The MSFC TE shall make arrangements for the live BSM to be [\/]/
delivered from the NASA igloo to the pyro shock test site.

All involved lab directors and division chiefs shall be notified [/I/
prior to testing.
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61 Test Site Preparatory Activitieg

6.1.1 Verify the following Components, too]g and materia]g are EII/
available and certified (when applicable), Aq lifting €quipment,
cables, fixtures, ete,__ within one year stating the load limit and
the date tested stencilled on the equipment.

EWB0420.-8 23 Bolts*

6
EWBo0420 . 10<20,-32) 2 Bolts*
TLN1021CP 2-8 6 Nut (Selﬁﬂigning)
TLN1023CD3-10 2 Nut (SelfAligning)
NASI587-BC 6 asher
— NASI587-10C 2 Washer

* 10107-XX-Xx Series bolts are acceptable alternateg (-20 for
pyro, -32 for vibration)

Aft BSM Bracket Mounting Hardware:

Part Number Quantity Nomenclatyre
NASISSSCIOH 8 Bolts
NAS1957C13 12 Bolts
NA81587—SC 8 Washers
NA81587-7C 12 Washers
NAS1587.7 12 Washers
VN324BCo70 12 Locknuts
NASHOlEOBHlO 4 Aero Heat Shield
asteners

Fasteners Accounted For: ‘& MSFC TE

Breakover brackets 2
Lifting D-rings
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Spreader bar with associated lifting straps and D-rings [/
Custom wood supports to horizontally support the BSM [/

Tool Box with Assorted Wrenches Rm 170, Bldg. 4619 [-'I/
(See Appendix D for detailed tool list)
[/

Pre-drilled Wood Pallet to fit aft skirt support bracket bolt
holes

Lifting straps (3) [V{

SN: _ 3298
SN: _2>zoi
SN: _320%

E\

Desiccant (12, 16 unit size bags)

E\

Rubber mallet

—
[a—

AN\

Lead wire seal (for security bag)

Forklift (at least 500 lb. capacity)

ESD Scanner

Materials

1,1,1 Trichloroethane; 1 bottle (enough for cleaning)

S\

MIL-G-4343 grease; 1 container (AHS seal)

3'\

MIL-T-83483 thread compound; 1 container (AHS)

3'\

Conoco HD-2 grease; 1 container (bolts, faying surfaces)

Other consumables, including rimple cloth, que-tips , tape ,
bags and towels are also to be supplied if needed.

Gloves (Latex)

Ground straps

Wrist stats (5 each)

Stat gun (1 each)

Ohm meter (1 each)

Wrist stat checker (1 each)
Chemical safety goggles (2 each)
100 Kohm resistor (1 each)

“TEER

000 Y Y Y ey
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s YT
All hardware accounted for: /‘ﬁ ({ needed R MSFC TE /
6.12 After the truck has arrived with the motor, the engine should be [

turned off and the emergency brake engaged. Chock at least one of
the truck's wheels.

Truck braked and wheel chocked: //[1/'5 MSFCTE [/

6.1.3 A sign with the word "LOADED" should be attached to the motor
shipping container.

6.14 Attach a ground strap (long enough to reach the shipping [’]/
container on the truck) to the pyro facility ground and verify
the resistance. Resistance must be less than 1 ohm.

Resistance measured: o/ MSFC QA _&
CAUTION: Make New Ground Before Braking Old Ground.

6.1.5 Touch the free end of the ground wire to the truck chassis to make E/I/
sure the truck and the facility are at the same potential, then,
connect the free end of the ground strap to motor shipping
container (not to lid or lid bolts).

6.1.6 Check continuity of shipping container to ground strap using [l/]/
an chm meter. Resistance should measure less than 1 ohm.
Resistance Measured ,/ MSFC QA &

6.1.7 Disconnect shipping container-to-truck tie down apparatus. [U}/

Move tie down out of the way.
6.1.8 Disconnect shipping container to truck chassis ground. [V]/

CAUTION: Do Not disconnect the motor's ground wire while
removing from the truck.

6.19  Using the fork lift, remove shipping container from truck and set 4
container on the floor in the test room where it may be easily
accessed by personnel and the overhead crane. If deemed necessary
by the MSFC TE, the overhead crane may be used to remove the
shipping container from the truck.

Forklift used: no Crane used: yes @

6.1.10 The truck may exit the test area at this time. [/

NOTE: If the truck does not leave the site at this time, the
driver will coordinate the exit with the MSFC TE.
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6.1.11 The large pyro bay doors should be “closed in" but left “cracked” [V/
open during the assembly and pyro test operations.

6.1.12 Install the shock test control equipment on the pyro plate [ “]/
as illustrated in Figure 1 (see Appendix C).

A2
Equipment installed __/115 _MSFC TE

6.1.13 The pyrotechnic shock test will be conducted in the aft 17 4 |
motor configuration.

62 Pyro Test Setup

620 Record the test site's temperature and relative humidity. The relative [/
humidity shall be above 20%, If the humidity is not above 20%, all test
operations must halt until favorable weather conditions resume,

Temperature: _’14'_°F; Relative Humidity 91 %

6.2.1 mwmﬁhmmmm

6210 Verify wris_t straps. are being used by ALL personnel while [vi/

new ground connectign.
MSFC SE%

6.2.1.1 Position shipping container so that the overhead crane can w
easily attach to the test item (this step necessary only if fork lift
positioning was not adequate for crane attachment.)

After initial reading over 1.0 kilovolt, repeat electrostatic
reading at intervals not to exceed § minutes until the
the voltage has dissipated below 1.0 kilovolt. When

the reading is below 1.0 kilovolt, removal operations may
continue, .
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If after 30 minutes the measured electrostatic charge

is in excess of 1.0 kilovolt, Verify facility ground. If
connection to facility ground is open, reconnect through
larger resistor (100 Kohm min.) to allow a slow

discharge of the motor case.

If the electrostatic reading on the case surface exceeds
4.0 kilovolts, STOP all activities on the case, notify
safety , and evacuate all personnel to safe locations

as directed by safety.

WARNING: Do not remove the nozzle's security bag and weather
seal. Removing the bag and seal will expose the
propellant grain and increase the risk of motor
ignition.

6212 Open the shipping container and remove all the packing that [VI/
interferes with the removal of the test item. Monitor static
charge while removing packaging.
Record Stat Gun reading ~ 760 Valts
Record SN of Stat Gun __C 106 53
CAUTION: Make New Ground Before Braking Old Ground.
6.2.1.3  Attach a ground wire to the pyro facility ground and verify its E/]/

resistance. Resistance shall measure less than 1 ohm. This
wire should be attached at a location close to the BSM.

Resistance measured LMSFC QA _ﬁc_

6214  Attach the ground wire in step 6.2.1.3 from the facility ground [\}/
to the live BSM. .
6215 Disconnect the motor to shipping container ground wire. (Na%’; K)ﬂ M/
net'p
6.21.6  Attach two lifting rings (along with lifting strap) to the BSM's [
aft section, 180° apart.
6.2.1.7 Certifications for all lifting fixtures shall be provided: [/

Lifting beam assembly certification provided _&
Lifting rings (D-rings) _/MZ_
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CAUTION: When using the ESD scanner and the electrostatic
reading on the motor case surface exceeds 1.0
ilovolt, stop all activities on the case, initiate
personnel fall back (a minimum of 4 feet) and
notify safety.

After initial reading over 1.0 kilovolt, repeat electrostatic
reading at intervals not to exceed 5 minutes until the
the voltage has dissipated below 1.0 kilovolt. When

the reading is below 1.0 kilovolt, removal operations may
continue.

If after 30 minutes the measured electrostatic charge

is in excess of 1.0 kilovolt, Verify facility ground. If
connection to facility ground is open, reconnect through
larger resistor (100 Kohm min.) to allow a slow

discharge of the motor case.

If the electrostatic reading on the case surface exceeds
4.0 kilovolts, STOP all activities on the case, notify
safety , and evacuate all personnel to safe locations

as directed by safety.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

6218 Slowly, monitoring static charge, lift the motor out of the [\.J/
container using the overhead crane. Lower the test item
so that the forward end of the motor is at waist height.

A detailed visual inspection shall be performed by the MSFC [\)/
test engineer and the CSD test engineer on the live test items
before testing. Record the motor's serial number.,

No Damage
Damage (detaﬂ-in-atheh;m)ﬁs. mf('vr"\‘n shieping_contriae, grovad e

Also, gmall dent/Scoaten e’ MmYbrv[(eh .

Serial Number /00073 Y iud ;n.!.c.th.a::’%"%mn fud exdd.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

6219  Attach the "break-over” brackets and lifting strap on [V]/
the forward end of the motor (see Figure 2, Appendix C).

CAUTION: Do Not disconnect the ground wire while breaking the
motor to the horizontal position.
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CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

6.21.10 Lower the motor on its wood Supports so that the motor rests [VI/
hogizontally. The MSFC TE will designate Someone to hold the

horizontal pogition (see Figure 3, Appendix C). The person holding
the strap should be wearing a wrist strap.

6.2.1.11 Unhook the lifting straps and remove lifting hardware. [“/

62112 Re-attach the lifting hardware for bracket installation. Attach [\J/
lifting straps in the saddle position (see Figure 4b, Appendix C),

622 mmmmmwm

CAUTION: When using trichloroethane,personnel shall wear

hazardous waste.

CAUTION: When using grease, pPersonnel shall wear Neoprene-
Latex gloves, Contaminated materials shall be
disposed of ag hazardous waste.

6.2.2.1 Wipe faying surfaces clean with 1,1,1 trichloroethane ["}/
and apply an unbroken film of HD-2 to each surf: e.
T assembly remove excess grease with a 72&33 cloth.

Surfaces wiped at this time: Yes No_Y
Grease applied at this time: YesﬁvNo

CAUTION: When. using trich]oroethane,personnel shall wear

CAUTION: When using greage, personnel shall wear
Neoprene-Latex gloves. Contaminated materials
shall be disposed of ag hazardous waste,
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6222 Clean washers and bolts with 1,1,1 trichloroethane and ['-']/
install wet with HD-2 grease. After assembly remove excess
grease with a lint-free cloth.

Washers cleaned at this time: Yes No /

CAUTION: Make sure the motor remains properly grounded
during the move to position the test item.

6223 Position the motor on the wood supports so the forward and aft M/
brackets can be easily attached. Leave lifting straps attached.
6224 At forward end of BSM install NAS1955C10H bolts with [v{

NAS1587-5C washers (8 places) through supports and into
threaded inserts of BSM and torque to 145 to 170 in-lbs (13 to
14 ft-1bs) above running torque.

Torque value: __ /350 .a-155 MSFC QA m
Record SN of torque wrench: J-He1-Gz  (4a)

NOTE: The forward attach bracket has an alignment pin so
there is only one way it can be installed.

NOTE: Be sure the aft attach bracket is in correct alignment
with the forward bracket before installing the aft
attach br:acket bolts.

6225 At aft end of BSM install NAS1957C13 bolts with NAS1587-7C el
washers (under bolt head), NAS1587-7 washers (under nut) and .
VN324BC070 locknuts (}& placesfand torquehto_ 460 to ?’4(0 in-1bs ’7’%
(39 to 45 ft-1bs) above running torque. ¥ ’ﬂ:qu ﬂqf,i“f: biul‘fyé {Ez. ljs+ were g A
Torque value: 570 - 145 MSFC QA _&/ 1/1/8 7-20 43
Record SN of torque wrench: _7 ~267-¢2 (4611 ¢ afolas

6.23

6.23.1 Bracket cover required? Yes No ‘/

If yes above, the 1/4 inch diameter bolts shall be torqued to

90-110 inch-pounds above running torque. The 5/16 inch

diameter bolts shall be torqued to 185-200 inch-pounds (16 to 17 ft-1bs)
above running torque.

Torque value: __N[A MSFCQa ___ Ip
Record SN of torque wrench: N ! A
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624 Rotate Motor 90 Degrees for Pyro Plate Mounting

6.24.0 De-torque and remove the bracket to inspection fasteners. []
Place fasteners in a labeled bag.

6.24.1  With the test item resting on the-bfackets, unhook the belly straps []
from the horizontal stabilizifig bar (lifting straps should still be in
the choked positio shown in Figure 4a, Appendix C).

6242 Wrapt elly straps around the motor on each end as shown in (1
Figufe 4b (saddle configuration, Appendix C).

CAUTION: Personnel shall not work under or place any body part
under a suspended load.

CAUTION: Be careful not to disconnect the motor's ground wire
during the lifting and rotation operation.

6.24.3 Lift the motor and brackets to waist height using the overhead [\]/
crane so that the motor can be rotated.

6244  Holding the motor by the support brackets, rotate the motor /
90 degrees so that the brackets can be mounted on the pyro plate.

6.24.5  Use the overhead crane to move the test item to the mounting area [v]/
on the pyro plate.

6.2.5 Attach the Brackets and Shims to the Pvro Plate

REMINDER: Be sure to put the custom shims in their correct
positions and orientation before sliding bolts
through the pyro plate.

CAUTION: When using grease, personnel shall wear Neoprene-
Latex gloves. Contaminated materials shall be
disposed of as hazardous waste.

6.2.5.1 Install wet with grease (HD-2) EWB0420-8-23 bolts (10107-8-23 [LJ/
alternate) with NAS1587-8C washers and TLN1021CPD2-8 self-
aligning nuts at “A”, “B”, and “D” positions (as marked on
supports, 6 places) and torque to 605 to 710 in-lbs above running
torque. At the “C” position, install EWB0420-10-20 bolts
(10107-10-20 alternate) with NAS1587-10C washers and
TLN1023CD3-10 self-aligning nuts (2 places) and torque to 1175 to
1380 in-1bs above running torque.

Torque value: C"_(09 F-1bs MSFC QA m
AB,0 G50 ia-ths
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6.252

6.25.3

6.26
6.26.1

6.26.2

6.26.3

6.26.4

Record SN of torque wrench: (" £M300359 Ap.0 T- 1702 (#1))

Release the tension from the lifting straps but do not disconnect 7
the straps. Thege straps may be used to tape off accelerometer
wires if necessary.

Place the Pyrotechnic debris shield in front of the large bay doors M/
on the north side of the pyro room.

Perform Graig [osoe:

Clear area of a]l nonessential personne] for grain inspection. [V]/
(Only the grain inspectors (2) and the MSFC TE shall remain.)
Verify grain inspector(s) is(are): S/]/

a. Wearing 100% cotton coveralls, shorts, and undershirts.
b. Wearing a wrist strap.

¢. Wearing tethers and/or tape to keep eye glasses, rings, and
watches from falling into the motor.

The grain inspector shall now remove the security bag and cover B/
from the exit cone,

Perform grain inspection. [u}/
Cracked propellant? yes (no )

If yes, give approximate location and size of crack.




6.27.1 CLEAN (if necessary) preservative or oil from the aercheat shield [VI/
using a lint-free cloth and 1,1,1 Trichloroethane. DO NOT clean
over the identification.

Cleaning performed: Yes No, /

CAUTION: When using trichloroethane,personnel shall wear
chemical goggles and neoprene-Latex gloves.
Contaminated materials shall be disposed of as
hazardous waste.

CAUTION: When using grease, personnel shall wear Neoprene-
Latex gloves. Contaminated materials shall be
disposed of as hazardous waste.

NOTE: Dow Corning Moly Kote 55M Silicone O-ring lubricant
meets the MIL-G4343 specification.

6272 Using a lint-free cloth and 1,1,1 Trichloroethane, an operator
wearing a properly grounded wrist stat will CLEAN (if necessary)

the sealing surface of the aerohe ield cover and corresponding
nozzle surfaces. LUBRICATE Gf ecessaly) the surfaces with
MIL-4343 grease.

Surface cleaned: Yes /No .

Surface lubricated: Yes No __ v~

CAUTION: When using grease, personnel shall wear neoprene-
Latex gloves. Contaminated materials shall be
disposed of as hazardous waste,

6273 EXAMINE seal, P/N B12879-02-01 for damage that could [\}/
effect the results of the pyro shock or vibration tests.
APPLY MIL-G-4343 grease.

Seal damaged? yes

Decription of damage:

NOTE: Extreme care must be taken when installing the seal.
Notice there is a small and large lip on the seal (see
Fig. 5, Appendix C). The larger lip is the seal aft face,
and the smaller lip is the seal outside diameter.

6.2.74  INSTALL seal, P/N B12879-02-01 on the exit cone of the motor. [\J/
Reference drawing B14036.
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CAUTION: When using thread compound, personne] shall wear
Neoprene-Latex gloves, Contaminated materials
shall be disposed of as hazardous waste,
[ «-}/

6275 COAT fourteen (14) Screws (NAS1101E08H10) with MIL-T-83483
thread compound.

CAUTION: When installing the Aero Heat Shield, personnel shaj]
be extremely carefu] not to drop any foreign object into
the rocket motor (watches, rings, and other jewelry shal]

removed; eye glasses shall be tethered if worn).

6276  With the nozzle cant vertically up, a Properly grounded operator [/
will INSTALL the aeroheap shield cover with the hinge on the left

(NOTE: DO NOT lockwire the screws.)

6277 INSTALL the 14 screws and TORQUE the fasteners using a [\/
standard cross pattern, Record the torque values.

First Pass:  Finger Tight MSFCQA _ &
pD-1J P

Second Pass: 10-15in-lbs  Valye:
Third Pass:; 20-25in-lbs  Value: 25 257 MSFCQA _e¢
Fourth Pass: 20.25 in-lbs  Value: ~ 20-27 MSFC QA ¢

Record SN of torque wrench: 4 wnd Gue o
Frimer 14 hojej made 4}11’uxm4ly (f.yJ,f-AcUH. Prines wis itmctd w f& Lt wad §
6.28 ili
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6.29.0

6.29.1
6.29.2

6.29.3
6.29.4

6.2.9.5
6.29.6
6.2.9.7
6.29.8

6.29.9

6.2.9.10

6.29.11
6.29.12
6.2.9.13
6.29.14

6.29.15

Conduct Pyro Shock Test to the Following Parameters:

Test Parameters:

Frequency (Hz) Leve]

50 24 g peak
50 to 100 +12 db/octave
100 94 g peak
100 to 4000 +6 db/octave
4000 to 10,000 3750 g peak

Turn on the flashing light outside room 170A.

For each measurement location select an accelerometer of a type
suitable for the amplitude expected.

Calibrate each accelerometer per ED73-SHK—FOP-008.

Verify test, checkout, and assembly hardware are connected to the
facility ground system.

Verify that no leads are connected to the junction box terminals,
Move junction box switch to "BULB" position.
Connect 12 volts to the firing panel,

Insert the firing key and verify panel meter indicates the
correct voltage.

Switch key to "ARMED" position and verify power indicator
light is illuminated.

Open red cover and flip firing switch, verify bulb on junction
box lights.

Close red cover.
Switch key to "SAFE" position.
Move junction box switch to "METER" position.

Switch key to "ARMED" position and verify power indicator
light is illuminated.

Open red cover and flip the firing switch, verify that the meter
on junction box indicates 12 volts,
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6.29.16 Close red cover. [v]/

629.17 Switch key to "SAFE" position and disconnect voltage source. [-'(

6.29.18 Remove firing key. (N

6.29.19 Verify that no severe weather or electrical storms are within N
10 miles of the immediate vicinity (Army Met. Team 876-2465).

62920 Verify that no flammable solvents, paints, gases, etc., are [V}/
in the hazardous area.

62921 Verify all non-essential personnel are clear of the test area. (\/

62922 Verify pyro technician is: [\3/

a. Wearing 100% cotton coveralls, shorts, and undershirts.

b. Wearing safety goggles, hearing protection, and a wrist
strap when installing explosive items.

c. In possession of the arming key and that the firing panel
is in the safe position.

62923 The pyro technician shall remove all matches, lighters, [\}/
jewelry, and all battery-powered devices such as electrical
wrist watches, calculators, portable radios, etc.

62924 During periods of connecting blasting caps, MDF, and FLSC, [v{
a maximum of two people (to be designated by the MSFC TE)
will be permitted to remain in the shock area.

62925 Install required MDF or FLSC on exciter plate. (Total of 26" [/
of ~25 grains per foot) (See Fig. 6 and Fig. 7, Appendix C)

62926 Verify switch on junction box is in "BULB" position. [\/
WARNING: If bulb glows, there is sufficient radio frequency in
the area to possibly cause detonation of the blasting
cap. The cap should be left shorted and returned to
room 170B storage cabinet. All blasting activities
will be curtailed until the RF source is removed.
62927 Verify that bulb on junction box is not illuminated. [\,}/

62928 In room 170B, verify that blasting cap shorting coil is in place [v]/
and is undamaged before removing from storage container.

62929 Remove blasting cap from container and transport to room 170. [\/]/
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6.29.30 In room 170, verify that wrist straps are in place. [{
6.29.31 Install blasting cap on exciter plate. [V{
6.29.32 Press blasting cap shorting coil firmly against facility ground ["]/

62934 Remove shorting coil. [‘(
6.29.35 Move switch on junction box to "METER" position. M/
6.29.36 Verify 0 (zero) volts on meter. 5/{

be curtailed unti] the voltage source is removed.

6.29.37 Move junction box switch to "BULB" position. ["]/

6.29.38 Install blasting cap leads in Jjunction box, move switch to M/
"FIRE" position, and remove alligator clip.

6.29.39 The Pyro technician shall now leave the area, cloge the door, M/

and inform the MSFC TE of the status.
63 Detonation of Pyrotechnics

6.3.1 The lead Pyro engineer shall now prepare the data acquisition [&}/
System to acquire data.

632 Start the tape recorder. M/

6.3.3 Connect firing lines to the PyTO control room junction box, M

634 The lead pyro engineer, the pyro technician, the MSFC TE, and [ \)/

the MSFC SE shall now leave the pyro control room and move to
the clear area outside.

635 Connect firing panel voltage supply and insert firing key, [VI/
verify that the meter indicates the appropriate voltage.
636 Begin countdown, ['VJ/
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6.3.7 On the count of "3", the pyro technician shall put the switch
in the "ARMED" position and verify that the power indicator
is illuminated.

6.3.8 On the FIRE command, the pyro technician will open the red
cover and flip the firing switch.

639 After firing, turn the firing panel key to the "UNARMED"
position.

WARNING: If blasting cap does not fire, refer to Section 10.4
in ED73-SHK-FOP-004 (see Appendix A).

Blasting Cap Fired: yes _\/ no

6.3.10 Remove the arming key and disconnect the voltage supply.
6.3.11 Test personnel may now return to the control room.

63.12  Wait a minimum of 5 minutes after firing before opening
the door to room 170.

6.3.13 The lead pyro engineer shall now begin to reduce the data.
64  Post Test Inspection

6.4.1 Inform the MSFC TE that the door to room 170 from the control
room is to be opened.

642 The pyro technician shall enter room 170 and move the Junction
box switch to the "BULB" position.

64.3 Remove blasting cap leads from junction box.

644 Inspect the shock plate to insure all explosive devices fired
properly.

WARNING: If all explosive items did not fire, refer to
Section 10.5 in ED73-SHK-FOP-004 (see Appendix A).

64.5 The BSM shall be visually inspected for damage resulting from
the pyro shock test. Any anomalies will be recorded. All other
personnel shall remain in the control room or in the clear area
until the "ALL CLEAR" is given by the MSFC TE. NO ‘D&w\u‘)ﬂ

64.6 MSFC TE indicates all clear for appropriate personnel.

65 Post Test Removal from the Pyro Plate
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65.1 Have a certified fork lift (500 pound minimum) ready to load the M/
BSM and pallet onto the transport truck.

CAUTION: Exercise care not to entangle or tug on the motor
grounding strap during the following lifting

operations.
652 Tighten the lifting straps using the overhead crane so that ['/
the bolts can be loosened.
6.53 De-torque and remove the bolts that attach the brackets M/
to the pyro plate.

CAUTION: The following steps involve working with a suspended
load. Keep hands and feet out from under the load.

654 Remove custom shims and place in labeled bag for use in the ﬁy]/
vibration tests.

655 Lower the motor to waist height. [—'{‘

6.5.6 Rotate the motor 90 degrees so that the brackets can be mounted [‘/{
on the pallet.

6.5.7 Using the overhead crane, place the motor on the pallet so that [/{

it rests on the aft skirt support brackets and is aligned with the
pre-drilled bolt holes.

6.5.8 With the test item resting on the brackets, unhook the belly l\/
straps from the horizontal stabilizing bar.
659 Bolt the test item to the pallet using the provided fasteners for cd
transport to vibration.
Motor secured to pallet, ﬁjg MSFC TE

66 Test Report and Data Requirements

A final test report will be submitted to UT/CSD within 30 working days after
testing is completed. Three copies plus one reproducible copy of this report
will be submitted containing shock response spectrum (SRS) plots (with
Q=10 value) and the time history plots. The test tolerances shall be
overplotted on the control spectrum.

Model numbers and serial numbers for all instrumentation and test

equipment shall be included in the report . Test setup photos should
also be included in the report.
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Post Test Verificas:

The procedure delineated in the above document hag been
satisfactorily completed and :

a. All sequences in the procedure have been completed (or
deleted by approved deviation)

b. All Procedure changes have been recorded and approved.

Submitted Verified by ‘7f/c</]é/ V))P L"-i—_é

Test Engineer

Date: g 7/ 2//93
Motor Serial Number- [CCO 738
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10 Gﬂmnun&mnm
11  Scope

This test Procedure addresseg all the requirements to perform
vibration testing on Booster Separation Motors (BSM). The test
Program consists of lift.off vibration, boost vibration, and
vehicle dynamicg vibration.

12  Objective

ZOADDﬁcahlLD.o.mm

MSFC-STD-5134 Certification of Equipment Operations and
Materials Handling Personnel

EG5300.36A Safety

29 CFR 1910 Occupational Safety and Health Administration
(OSHA)

NSS/GO 17409 Safety Standard for Lifting Devices and Equipment

NHB 1700.1(v 1 Basic Safety Manual
AMC-R 385-100 Safety Manua]

EP01-SOP-01 Standard Operating Procedure for Safety Critical
Operations

MM 1700.4 Safety and Environmenta] Health Hazards

MMT 1700.17 MSFC Procedures for Acquiring Shipping Permits for
Rocket Motors and Igniters

MMI 1710.1 Safety Review and Approval of Hazardous and Potentially

azardous Facilitieg and Activities at MSFC
MMI 1710.6 MSFC Program for Personnel Certification
MMI 17112 Mishap Reporting and Investigation
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3.0

MMI 1845.1 Hazard Communication Program

MMI 6400.2 Packaging, Handling, and Moving Program Critical

Hardware

MSFC-RQMT-1493  Electrostatic Discharge Control Requirements

MSFC-STD-1800 Elzctrostatic Discharge (ESD) Control for Propellant and

Explosive Devices

MSFC-STD-126E Inspection, Maintenance, Proof Testing and Certification

of Handling Equipment

CSD-5597-93-1 Rev. B Enhanced Delta Qualification Test Plan for Booster

Separation Motor (BSM), Aug. 6, 1993

10SPC-0067 Rev. A  Specification for Booster Separation Motors for Space

Shuttle Solid Rocket Booster (thru SCN 014)

Safety

31

3.2

33

The following safety criteria are in accordance with ET01-SOP-
01, Rev. A., Standard Operation Procedures for Safety Critical
Operations”.If safety rules/regulations are not followed,injury
to personnel and/or damage to test items could occur.

Emergency telephone numbers are as follows:

Safety 4-0046
Ambulance 112
Fire 117
Security 44357
Utilities 4-3919
Medical Center 4-2390

Communication Repair 4-1771

Prior to starting work in 4619 a visual inspection of work area
shall be made for anomalies by task supervisor and safety
personnel.

MSFCTE __ /2  MSFCSE @2}“

Date / Time: OQ!Z’Z—/QZ 500 pu.

Personnel shall not work or position themselves beneath
suspended loads unless such loads are securely and
adequately blocked up.
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34

3.5

3.6

3.7

3.8

39

3.10

3.11

312
3.13

Crane, hoist, lift Prime operators, and riggers shall be certified
according to the latest revision of MMJ 1710.6, and shall have
in their Possession a valjq certification card.

Certificationg checked by: ZEB
6 {2 » E 3 £

Date / Time:

Where handling slings are called out, a sling with more
Pickup pointg than required may be used if the weight capacity
Per point used is equal or greatar than the weight capacity of
each point of the nNoted sling ang the free pPickup point is (are)
Secured to prevent it (them) from swinging and causing
damage to parts,

Only the area coordinator should direct the crane moves,
owever, any person determim'ng an immediate danger or
problem may request stoppage of activities,

3.13.1 Lift operationg
3.13.2 Solvent Use (See NOTE
3.13.3 Live (Loaded) Solid Rocket Motor
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NOTE: Grease and solvent use are only "if needed" as
determined by the MSFC TE and CSD TE.

314 Any time a crane is being used, it must be dogged if:

314.1 The load will be suspended in a static condition for an
extended amount of time.

3142 A crane operator crew change or substitution must be made.

315 No electric power tools shall be used near the live test item.
Use of pneumatic tools is acceptable.

316 All ground cables and ground straps end-to-end resistances
shall be verified with a multimeter. These resistances
must measure less than 1 ohm.

317 All personnel within touching distance shall wear a wrist
strap that has been checked with a wrist strap checker. This

step should be performed each time the wrist strap ground is
broken.

318 All personnel within touching distance of open grain
propellant (and ordnance) shall wear antistatic coveralls.

0 Wﬂwm
41 Test Items

The test item for the vibration tests consist of 2 BSM which will
be tested in the aft motor configuration. The motor will be
tested with an aero heat shield over the exit cone. The motor
weighs approximately 154 pounds.

-

_ BB -
Motor Serial Number 1002738 Conditioning Temp. 129 " -0 F

42 Test Requirements
421 Test Tolerances

The tolerances applicable to the test conditions are as follows:
(Unless otherwise stated in the procedure)

Vibration Frequency: 1+ 5%

Test Duration: +10%, -0%

Temperature: +5°F

Sinusoidal Control Signal $10%
Maximum Harmonic Distortion

Sinusoidal Peak Acceleration +20%, -10%
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Composite Root Mean Square +10%
Acceleration

Acceleration Spectral Density +100%, -25%
(+3dB, -1.5dB)

422 Test Data

All data taken with non-recording instruments will be
recorded in ink directly onto data sheets and/or log sheets.

The log or data sheets will identify the test being performed, the
test item, the item part number, and the applicable test

the page by the person making the entries, and counter signed
by the test engineer after review.

4.3 Test Conditions

The live delta qualification motor will be vibration tested at a
specific temperature. The motor will either be tested at 25°F
(+0, -5 °F) or at 125°F (+5, -0 °F) depending on which
qualification motor this procedure controls.

43.1 The MSFC TE shall check with the Army MET team to ensure that [VI/
there is no lighting within 10 miles.
(MET team phone number....876-2465).

43.11 If lightning is within 10 miles during any time that a live
BSM is in building 46 19, the MSFC TE shall make
arrangements to disconnect the motor ground from the
facility ground. The motor shall remain ungrounded until
the lightning is out of range.

4312 When reconnecting the ground after a lightning storm, a
100Kohm resistor should be connected to the ground wire from the
motor before connecting to facility ground. This allows any charge

4.3.1.3 After the specified time, disconnect the ground wire from
facility ground and remove the resistor. Reconnect the
ground strap from the motor to facility ground.
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432  The test site's relative humidity must be above 20%. If the humidity [&J/
is below 20%, all test operations must ceage until favorable weather
conditions resume.

Test site's relative humidity _37 7 MSFC TE Z” 2
ab scec e Cifeyfq;
44 Test Equipment

441 Al] measurements shal] be made with ins!:mments and

performed prior to any handling of the BSM but does not need to
be repeated until something other than the BSM is lifted by the
same handling equipment. It ig therefore recommended that
the break tests be performed each evening before the BSM testing
commences. The break tests shall be performed as follows:

a.  The proofload must be at least 350 Ibs.

b.  Lift the dummy load clear of the ground (lesg than 1 foot) and
lower to ground three times, holding for five minutes on the
third lift. Lifting straps and spreader bar should be attached
during the lift,

45 Test Procedure

45.1 After review and documented approval, a redline change to
this procedure may be performed, Approval shal] be by a
minimum of the MSFC TE, MSFC QA, and MSFC SE.

452 As soon as Possible after a test failure, a deviation from the
specified test environment, or any other incident which affects
the test or test item, MSFC will notify the authorized UT/CSD
répresentative of the event verbally and wi]] then generate 5
Test Procedure Deviation (NASA form 3959). A copy of the Test
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6.0

Procedure Deviation is presented in Appendix A. Photographs
of any discrepancies shall also be taken.

51 Test Witnessing

All tests will be witnessed by the authorized UT/CSD
representative and USBI representative. The MSFC test
engineer will also witness the testing. Notification of the start
of each test shall be communicated to the authorized UT/CSD
and USBI representatives and the MSFC safety representative
and test engineer at jeast 2 hours in advance.

MSFC Safety Notified /4?/2

UT/CSD Notified Vap%

52 The MSFC TE will serve as the area coordinator for the
test. All handling of the BSM will be directed by the
MSFC TE or cognizant test engineer.

53 Jim McGee (vibration) shall be responsible for
photographic coverage of the vibration test activities.

54 Al involved lab directors and division chiefs shall be notified [v}/

prior to testing.
55 The area around the outside of the vibration facility shall be [v]/
secured before the live BSM is brought to the pyro shock test site.

Area secured? @ NO MSFC TE
MSFC SE

Comments: docrs Lalké,wﬂ \eyee VP

60.1 Make sure the CSD TE has reviewed the calibrations for the [i(
vibration tests.
602 Open the doors that enter the vibration test room from the b/

high bay of bldg. 4619.
61 Re-check system setup. Verify chamber temperature. [-*’/
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62 Radial Axig Tests

621 Assemble the leg supports on the conditioning chamber, [‘/
622 Lift Oof Vibration

6.22.1 The following levels and conditions apply for the lif off vibration [u/
tests. Vibrate the motor only as follows for a duratijon of 60 seconds:

Frequency (Hz) Leve]

€€ Deviaton
2 0.017 g2/H
20 to 55 +6 db/octave #H 2
55 to 200 0.077 g2/Hz
200 to 280 -11 db/octave
280 to 1200 0.022 g2/H
1200 to 2000 -4.5 db/octave
2000 0.010 g2/H;
Composite: 6.9 grms
623  Boost Vibration
6.23.1 The following levels and conditiong apply for the boost vibration [ ’]/
tests. Vibrate the motor only as follows for a duration of 120
seconds: J—,
" Ho) Level See Devietton
20 to 200 0.54 g2/H, # /
200 to 350 -12 db/octave
350 to 1000 0.060 g2/H
1000 to 2000 -6 db/octave

2000 0.015 g2/H,,
Composite; 14.0 grms
624  Vehicle Dynamics Vibdration

6.24.1 The following levels and conditiong apply for the vehicle dynamics [ "]/
tests. Vibrate the motor only as follows:

Frequency (Hz) Leve]

5 to 10 0.7 g peak
10 to 40 3.7 g peak

Sweep Rate: 3 octaves per minute
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e
63  Transport Motor From Room 156 ¢o Room 158/ Setup for Tang. Axig

6.3.1 Remove leg Supports from conditioning chamber, [\}/\/

6.3.2 Disconnect the conditioning unit from the conditioning chamber, -

6.33 Inspection certifications sha]j be provided for the overhead v
cranes in 4619 .

Crane #1, Bldg. 4619 rm, 156 certification provided _&
Crane #2, Bldg. 4619 rm. 158 certification provided 45

6.34 Certifications for all lifting fixtureg shall be provided: cA v
Lifting beam assembly certification provided /{E

Lifting rings (D-rings) (S

CAUTION: Be careful not to disconnect the motor ground
while lifting,

CAUTION: The following step involves working with g suspended
load. Keep feet and hands out from under the load.

635 Using the overhead crane, lif the conditioning chamber off of the M/ v
vibration table and place it on the floor,

i g 6! 130 pum.
Record time when chamber was removed G 42 pr. 1:30pim

6.3.6 Verify motor ground connection op the motor ang at the facility [\,}/ v~
ground contact point,
6.3.7 Disconnect the instrumentation wires. Remove any other [ VK/

instrumentation that is no longer needed o that might interfere
with motor transport, a4
oaledla3 /’y

b 8 2-43
6.3.8 Attach the lifting straps (ag shown in Fig.‘}a’)'to ’gﬁ'Jm%tor 722 [«}/\/
and spreader bar and hook to the overhead crane,

6.39 Remove adapter plate to vibration table fasteners. [ \J/\/

CAUTION: Be careful not to disconnect the motor ground
while lifting,

CAUTION: The followin step involveg working with g suspended
load. Keep feet and hands out from under the load.
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6310  Slowly lift the motor off of the table and Place it on the facility's [/
roll cart. w0y Bof 9-2x-g5

l
overtadaane ® Y50 7o o
63.11  Unhook spreader bar from lifting-straps. Leave stryaffs wrapped [s,}/

around the motor.
6.3.12  Open the doors that enter the high bay in room 158. [/
CAUTION: Make sure that the ground strap is long enough to

6.3.13 Slowly pull the motor using the roll cart from room 156 to room 158. [V]/
Be sure to place the cart directly beneat’lghe overhead crane.

Vhlas  yd 22297 40 5 55 55
6.3.14 Attach spreader bar to lﬁmt:m the overhead crane. [ V]/

CAUTION: Be careful not to disconnect the motor ground
while lifting.

CAUTION: The following step involves working with a suspended
load. Keep feet and hands out from under the load.

6.3.15 Using the overhead crane, lift the motor from the pull cart [\)/
and place it on the vibration table.

6.3.16 Align the adapter plates with the holes on the table. [ \J/

6.3.17 Fasten the adapter plates to the table using the facility supplied [VI/

fasteners. Torque these fasteners to 65 ft-1bs.

Record torque value: _G5 {4 -1bs  MSFC QA L
Torque wrench SN: BTy - 27¢CF

6.3.18 Remove all lifting hardware. [\/
6319  Attach accelerometers to the motor (see Fig. 2) [J/
6320  Reconnect accelerometer wires, [\J}/
64 Xhtiarmal Conditioning Setup for Tangential and Longitudinal
xis
64.1 Use the overhead crane to place the conditioning chamber over [\d/
the motor.
642 Once the chamber is in place, attach the necessary hoses and [‘/

instrumentation from the conditioning unit to the chamber,
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o 643 Make sure the chamber thermocouple is in the correct position [\.J/
for measuring the air temperature around the motor.

644 Make sure the motor ground strap is secured. M/

6.4.5 Activate conditioning unit and monitor the temperature until it [»]/
has stabilized to the desired temperature.

Record time/temp. when stabilized: € 30 o,
Record total time out of conditioning: 1 Ar

64.6 Recondition motor for twice the time out of conditioning if out more [v]/
than 30 minutes.

Reconditioning necessary: No
If yes, how long does motor need reconditioned? 2 b4

6.5 Tangential Axis Tests
6.5.1 Lift Off Vibration

6.5.1.1 The following levels and conditions apply for the lift off vibration [/
tests. Vibrate the motor only as follows for a duration of 60 seconds:
— Erequency (Hz) Level

20 0.016 g%/Hz

20 to 75 +3 db/octave

75 to 1000 0.060 g2/Hz

1000 to 2000 -3 db/octave

2000 0.030 g2/Hz

Composite: 10.0 grms

6.52 Boost Vibration

6.52.1 The following levels and conditions apply for the boost vibration [V{
tests. Vibrate the motor only as follows for a duration of 120 seconds.
Erequency (Hz) Level
20 to 800 0.24 g2/Hz
800 to 2000 -4 db/octave
2000 0.071 g2/Hz

Composite: 18.4 grms
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653 Vehicle Dynamics

6.53.1 The following levels and conditions apply for the vehicle dynamics [VK
tests. Vibrate the motor only as follows:

Erequency (Hz) Level

5 to 10 0.7 g peak
10t0 40 4.3 g peak

Sweep Rate: 3 octaves per minute
66 Axis Change From Tangential to Longitudinal

6.6.1 Disconnect conditioning unit from conditioning chamber. [\I/
662 Attach overhead crane to the conditioning chamber. v
6.6.3 Slowly lift the conditioning box off of the test item and move it [\'J/
away and move it away from the vibration table and place on
the floor. Disconnect lifting hardware.
. 7 9-72-9
Record time of chamber removal: l[‘00 gm- AR 0flala3

£ Fwd Lt lo motor fuitenery torqug Checked Ok G srg3

6.64 Verify motor ground connection on the motor and at the facility [V(
ground contact point.

6.65 Remove adapter plate to vibration table fasteners. Vgl

6.6.6 Unhook control accelerometer. [\/]/

CAUTION: Be careful not to disconnect the ground when
changing the axis on the table.

CAUTION: The following step involves working with a suspended
load. Keep feet and hands out from under the load.

66.7 Rotate the motor and bracket assembly 90° using the overhead crane. [VI/
Disconnect lifting hardware.

668 Re-attach adapter plate to vibration table fasteners. [V]/
Torque to 65 ft-Ibs.

Record torque value: (S fi- 4 MSFC QA ,éC
Torque wrench SN: B7W- 2A(F
669 Reconnect contro] accelerometer. ﬁ/l/
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66.10 Reconnect lifting hardware to the conditioning chamber and place it
over the motor. Reconnect chamber legs as necessary.

66.11 If necessary, re-attach hoses, instrumentation, etc., before starting
conditioning unit.

66.12 Start conditioning unit. Monitor until it has stabilized to the
desired temperature.

Record time/temp. when stabilized: /1 20
Record total time out of tolerance: 26 wein

66.13 Recondition motor for twice the time out of tolerance if the time
out was greater than 30 minutes.

Reconditioning necessary: Yes @
If Yes, how long does the motor need reconditioning? ___ A/ &

67 Longitudinal Axis Test
6.7.1 Lift Off Vibration

67.1.1 The following levels and conditions apply for the lift off vibration
test. Vibrate the motor only as follows for a duration of 60 seconds.

Erequency (Hz) Level
20 0.016 g2/Hz
20 to 75 +3 db/octave
75 to 1000 0.060 g2/Hz
1000 to 2000 -3 db/octave
2000 0.030 g2/Hz

Composite: 10.0 grms

6.7.2 Boost Vibration

6.72.1 The following levels and conditions apply for the boost vibration
test. Vibrate the motor only as follows for a duration of 120 seconds.

Frequency (Hz) Level
20 to 800 0.24 g2/Hz
800 to 2000 -4 db/octave
2000 0.071 g2/Hz

Composite: 18.4 grms
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70

6.7.3 Vehicle Dynamics

6.73.1 The following levelg and conditiong apply for the vehicle dynamicg
test. Vibrate the motor only as follows.

Frequency (Hz) Level]

5t 10 0.7 g peak
10to 40 4.3 g peak

Sweep Rate: 3 octaves Per minute
68 Post Test Inspection
6.8.1 The BSM test item shal] be visually inspected by the MSFC QA,
MSFC TE, and the CSD TE for exterior damage resulting from
vibration testing. Ng A\'uww‘?g Aol
682 Remove all instrumentation.

69 Data Requirements

the remova] of the chamber,

713 Move chamber oyt of the way.
7.14 Move the conditioning unijt out of the way if necessary.,

715 Verify motor ground connection o the motor ang at the facility
ground contact point,

7.16 Remove vibration table insulation,
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72 Aero Heat Shield Removal

WARNING: Removing the Aero Heat Shield exposes the motor's
propellant grain. Personnel should use caution during
any operations with and exposed grain. Tools,
watches, eye glasses, etc., should be tethered (if
necessary) to prevent dropping anything into the

motor.
72.1 Make sure the motor ground is secured. [\/
722 Make sure verified wrist straps are being worn by the personnel M/
removing the aero heat shield.
723 Remove the fasteners from the Aero Heat Shield. [v]/
Place the fasteners in a marked bag.
723 SLOWLY remove the Aero Heat Shield. [Jf
725 Remove the heat shield seal. Do not drop the seal into the motor. [q/

73 Post Test Inspection of Motor Propellant Grain
7.3.1 Make sure motor ground wire is secured. [/]/

732 Clear area of all non-essential personnel. Only the grain inspectors [/
(2) and the MSFC TE shall remain.

7.3.3 Verify grain inspector(s) is(are): [v]/
a. Wearing 100% cotton coveralls, shorts, and undershirts.
b. Wearing a wrist strap.

c. Wearing tethers and/or tape to keep eye glasses, rings, and
watches from falling into the motor.

734 Perform grain inspection. [V!/

Cracked propellant yes

If yes, give approximate location and size of crack:
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Other comments on grain condition:

__NQ__E._EE:_&,_\L:s ALTEL ERemn PR -Tesr INSLECTIon.

735 A draw-wire, fabric, security bag shall be installed over the cd
nozzle exit cone. The bag shall be closed around the exit cone
and secured by inserting the bag wire ends through a-standerd—/§ vi/23/; 3
i = (i.e. cover the exit cone the same way that it /ayg/_
was received). “3-9r

27 93
74  Adapter Plate Removal
741 Remove the adapter plate to vibration table fasteners, [\/{
742 Attach lifting straps as shown in Fig. 1b (Appendix B). [V]/

CAUTION: Be careful not to disconnect the ground while
lifting the motor.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

743 Lift the motor off of the vibration table and move to an area [ \/I/
near the wood supports.

744 Lower the motor so that it rests on the wood supports. [/

745 Rotate the motor 180° so that the adapter plates face up. [\/]/

746 Remove the bracket to adapter plate fasteners. Place fasteners [ d/
in a marked bag.

CAUTION: Be careful not to disconnect the ground while
lifting the motor.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

75  Aft Skirt Bracket Removal

75.1 Remove the aft end motor to bracket fasteners (12 placeé). [J{
Place fasteners in a marked bag. s

T LT SCoRwOG & SUBRACE nNT O THC

AT BpeseT R TR H M TS . IH 7/25/73
. 7-35-93
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B CAUTION: Be careful not to disconnect the ground while
- lifting the motor.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

752 Lift the motor to waist height using the overhead crane. [./{

75.3 Rotate the motor 180° so that the bracket to adapter plate [p]/
fastener holes face the floor.

754 Lower the motor so that it rests on the wood supports. W

755 Remove forward end motor to bracket fasteners (8 places). [./]/
Place fasteners in a marked bag.

<
80 Return Motor to the Vertical Position

81  Attach 2 D-rings, 180 degrees apart, and one lifting strap L}
to the aft end holes of the motor.

82  Attach the "break-over" brackets (and lifting strap) to the e

appropriate bolt holes on the forward face of the motor case.
83  Attach the aft lifting strap to the overhead crane hook. [1,}/

CAUTION: The fol’lowing steps involve working with a suspended
’ load. Keep hands and feet out from under the load.

CAUTION: Be careful not to disconnect the ground while
lifting the motor.

84  One person (as chosen by the MSFC TE) shall hold the lifting M/
strap on the forward end to keep the motor from swinging when
lifted from the aft end. Slowly lift the aft end of the motor to bring
it to a vertical position.

85 Raise the motor so that the aft end is at waist height. [\)/

CAUTION: The following steps involve working with a suspended
load. Keep hands and feet out from under the load.

86 Disconnect the "break-over” brackets. Place brackets in a
marked bag.
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91 Remove lid from shipping container by removing the lock-ring
bolt and nut, lockring, and cover. (See Fig. 3 for an overall view
of the shipping container),

9.2 Remove top cushion insert, Make sure that the top bearing plate [v]/

93  Remove the bearing plate from the tie rodg. DO NOT remove the [\/}/
tie rod nuts,
94  Remove ang discard any old bags of desiccant, M/

95  Drape the loose end of the container ground strap over the edge
of the container.

96 Visually inspect the container 'inte'rior to assure it is free of any ‘ ﬁ//

9.7 Attqch a ground wire to facility ground and verify itg resistance,

Resistance measured: _,_,L MSFC QA _.&

98  Connect this ground wire to the motor shipping container and L}
verify the resistance (<1 ohm)

Resistance measured: '\l MSFC QA _éf__<

99 Install the antistatic foamed plastic liner tightly around the motor M/
case, and secure in place ° inen. - jeint _
- rod saing 2 iy toan Hnextertial bute S 01347
% /QC 2 ;0

*22-93
910 Install the antistatic plastic film bag, up and over the motor, M/
9.11 Visually orientate the motor nozzle cant to the side of the container [VI/
indicated by the marking, "POSITION NOZZLE CANT THIS SIDE"
on the cushion insert,

CAUTION: Be careful not to disconnegt the motor ground
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CAUTION: The following steps involve working with g suspended
load. Keep handg and feet out from undep the load,

CAUTION: When using the ESp Scanner and the electrostatic
reading on the motor case surface exceeds 1.9
kilovolt, stop all activities on the Case, initiate
Personnel fa]] back (a minimum of 4 feet) and
notify safety.

After initia] reading over 1,9 kilovolt, repeat
electrostatic reading gt intervalg Dot to exceed 5
minutes unti] the the voltagg has dissipatgd below 1.9

If after 3¢ Mminutes the measured electrostatic charge
is in excesg of 1.0 kilovolt, Verify facility ground. If
connection to facility ground jg open, reconnect

larger resistor (100 Kohm min,) to allow a slow
discharge of the motor case,

If the electrostatic reading on the case surface exceeds
4.0 kilovolts, STOP alj activities on the case, notify
safety , and evacuate a]] Personnel to safe locations,

CAUTION: Make new ground before breaking olq ground,
913 Attach the container ground wire to the motor using the 1/4-20 L

UNC x 3/4 long bolt ang nut provided. Torque to 50 in-lbs +5 in-Ipg,
Measure resistance to verify ground (should be <1 ohm),

Record torque value: _£0 4;, -, — MSFCQa__ 47
Torque wrench SN- I2UT -—

915 Remove lifting hardware, V4
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- 916 Visually orientate the top bearing plate to the nozzle cant, indicated [ b}/
by the marking on the plate "POSITION THIS SIDE TO THE
NOZZLE CANT", and place it over the nozzle and three tie rods and

bring it to rest on the motor flange. Tighten and torque tie rod nuts
to 20 in-1bs +2 in-lbs.

Record torque value: __ 2.0 - 1b =, MSFCQA é?{
Torque wrench SN: 5492304
CAUTION: Make sure that the top bearing plate is indexed to the

motor case 0.D. and is resting flat on the top of the
flange.

Also, make sure that the grounding strap terminal
and attach nut and bolt head is positioned in the
clearance hole in the plate.

917 Place twelve (12) 16 unit size bags of fresh desiccant into the [/
container in the cavity around the top bearing plate.

CAUTION: Once the bagged desiccant has been put into the
container, the remaining packaging steps must
be completed immediately and the container closed
to prevent the desiccant from over exposure to free
— air circulation.

If, after the desiccant has been placed into the
container, the packaging cannot be completed,
close the container until packaging can be resumed.

9.18 Install the top cushion insert. Make sure that its index slot, on [\.J/ '
the bottom face, matches with the index block on the top bearing
plate.

9.19 Place the motor log book and any other required documentation ' fﬂé{k
into a suitable size electrostatic free plastic bag (3M velostat or

Richmond Pink Poly) and place into the stowage slot provided MR /a4
in the top cushion insert. [P35 52553
AL 5257
920 Place the container lid onto the container, making sure that there M

is no foreign matter on the lid gasket or container rim.

921 Install the lockring, with its bolt flanges positioned (centered) [x/(
between the container humidity indicator and lifting grip.
Install the bolt and nut and torque to 6 ft-1bs + 1/2 ft-1bs (72 in-1bs).

Record torque value: __G #4- 15 MSFCQA 2
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— Torque wrench SN: 5@0] el

NOTE: The lockring shall be tapped, using a rubber mallet,
at various points around the ring during bolt tightening.

922 Install a standard wire and lead seal through the provided holes [V(
in the lockring bolt flanges. SetiTs Using-a-QC-press-die-engraved-

with- UEC-&No— M 24w 70— 2g-
ﬁ}-&?}w} s §-23-93

NOTE: Before shipping, USBI personnel shall make sure the
shipping container is properly labeled. Reference CSD's
Material Handling Card, Rev. C, dated 5-23-89 sections
10 and subsequent.

100 Test Report

A final test report will be submitted to UT/CSD within 30 working
days after testing is completed. Three copies plus one reproducible
copy of this report will be submitted containing the following
information as a minimum:

A. A description of test mounting and setup and location of
instrumentation with two sets of color still photographs
(8-1/2 by 11 inches) of setups and instrumentation close-ups.
B. A list of all instrumentation and equipment with ranges and
— plot accuracy of all acquired data with objective evidence of
calibration status at the time of tests.
Sketches of test setups.
Power spectral density (PSD) plots of all acceleration data.
The results of all inspections and tests performed i.e., data
tapes, data plots, and completed data summary sheets.
Any alteration or deviation from this procedure will be
described in detail by a Notice of Deviation and included in
the final report.
G. Model numbers and serial numbers for all instrumentation and.
test equipment shall be included in the report .

m EHOO
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— 110 mﬂ.!enﬂgm

The procedure delineateq

in the above document has been
satisfactorily completed and :

an

a. All sequenceg in the Procedure have been completed (or
deleted by approveq deviation)
b.

All Procedure changeg have been recorded and approved.

Sy
Submitted Verified by: 4/ :

L% /
Test Engineer

Date: ___(19/23/9

(eoe3y

Motor Seria] Number-:
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Appendix B

Figures
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(A) CHOKED (B) SADDLED

(C) 3-D IN SADDLED POSITION

FIGURE 1. LIFTING STRAP ATTACHMENTS

DRAWN BY:
[ &
s
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3STIMATRD W Ts LOCKING RING, STYLE - 1

*
DUNNAGE 75 Lag A MS27683. 83

DRUM ... mLBS
MOTOR . 143 L0S

_/ /

* COVER STYLE . 1, MS27683 - 63
GASKET, MS27683 . 93

TOP CUSHION INSERT - MOLDED
"\Runsmn CURLED HAIR, 6-LB/FT ?
PPPC-1120
\I.J
LOCK NUT & WASHER (TIE-ROD)
-l
TOP BEARING PLATE —~———pm
OP BEAR LATE @/ ANTI - ROTATING BLOCK

GROUNDING STRAP ASSY.

8909-326 (CSD)
\:\/_ Y SECURITY BAG

[ROCKET MOTOR ASSEMBLY (BSM)
B12000 (SHIPPING CONFIGRUATION) -

HUMIDITY INDICATOR, MIL-1-26860
RESSURE EQUALIZER VALVE (comm'L)

aHowN 130 T 0P acTUAL LOCATION)

TIE- ROD ’ * BODY, Ms27633 - 52
(SECURED TO BOTTOM PLATE)
THIS VOID AREA USED TO STOW (1 2)1-
BOTTOM BEARING PLATE — LB SIZED BAGGED DESICCANT
BOTTOM CUSHION INSERT CENTER CUSHION INSERT
MOLDED RUBBERIZED CURLED

6-LB/FT , PPPC-1120

SKID / * DRUM, METAL - SHIPPING AND STORAGE Ms -
27683 (80 GAL CAPACITY) PER MIL-D-60%4

FIGURE 3. OVERALL VIEW OF SHIPPING CONTAINER

DRaww gy,
EMITCHRLLEPSS
479y
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DRUM

l
i TIE - ROD
i

':gggmw::

A AN HUMIDITY
EWvRN AAAA INDICATOR &
A i PRESSURE

) XA . AN OV RELIEF
! Y v W": VALVE
----- .
] uN%w
A '
—caw‘: A "
. e
AN
A AR HOLES
NVW\/‘MWN
ry A
| TOP BEARING
i PLATE
i

VIEW LOOKING DOWN
AT OPEN DRUM

FIGURE 4. Top View of Shipping Container

DRAWN BY:
4193
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BSM MOTORS /N 1000734 AND
S/N 1000738 PYROSHOCK TEST
DATA

2180 1584 yaoysoidy



Nationg) Aeronautics and
Space Administration

— quge&lﬁmﬂm"Smn»Fl
Marshajy Space Flight Center, AL 35812

0 Attn of. ED73(93-94) October 6, 1993
TO: EEll/Mr. Smith
FROM: ED73/Mr . Brewster

to flight qu lify Variousg BsM ardware odification - Test 3
was Completeq on BsM y it SN 1000733 and test as Completeq
on B Unit gn 100073 . tests were Conducteq ccording to
BsM Delta Qual fication Test Procedure #BSM-TCP-EP 4001, dateqg
Ugust 3 1 .

_ The test Setup Onsiste h Nging a 4+ X g~ 1/2n ee
Plate fro Celling the p ast roonm and mounting the Bgy

incheg of FLsc mounteq to a Secong Stee] bar, The pyrotechnics
were installed on the OPposite Side of the Plate from the BSM.,
The pyrotechnic Setup jg Shown jp €nclosyre 2.

The inst mentation Consisteq Sf four 4 axiajl accelerometer
configy ations locat d Clos proximity to the 4 mountijn
feet, ach trja lial Clustep W Sensitjve to the 3 orthogonal
axes, horizont r Vert €al, anqg normaj the Pane].
accelerometer were calibrated according to OCument
#ED73-SHK-FOP—OO r entitleqg "Facility Perating Procedure for
calibration of celeromete S useqd jp hock Sts,n dateq
ugust 399 . ardware list of ccelerometer data

acquisition and Qnalysijg €quipment is Shown jp €nclosyre 3.
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The calibration dates of pertinent hardware is shown in
enclosure 4. At least one measurement point in the horizontal,
vertical, and normal direction from the four accelerometer
locations was required to meet the shock specification test
criteria. '

The test data is enclosed in appendix B. The first plot is a
time history of the real time shock recorded over a 25 mili-
second interval and the units are G peak versus time. The
second plot is a Shock Response Spectrum (SRS) analysis
computed over the frequency band from 50 to 10,000 Hertz and
its units are G’s versus frequency. The SRS analy51s is
completed on both positive and negative data points and both
curves are on the plot. The specification and tolerances have
been added to the plots.

A deviation was issued against the response data being higher
than the allowed +6db tolerance level for all axes. These
exceedances were in most cases not significantly higher than
the allowable tolerance and occurred in narrow bandwidths.
Nevertheless, these exceedances were impossible to eliminate.
The deviation is enclosed in appendix C.

Steve R. Brewster
Chief, Dynamics Test Branch

Enclosure

cc:

CS01/Richard Leonard

ED13/Roy Winkle

ED23/Robin Ferebee

ED71/Gerald Waggoner -~ w/o0 encl.
ED73/Jim Herring

ED73/File Copy

EP54/Jim Niblett

EPS4/Matt Bevill (3 copies)

* USBI/Don Wencil
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A9 A3
i—>A7 i—éA
| O
A2

1
——GL 5
]
O A6 d
A12\(E—>A1o \JG;—}
A4
1

A5

4’ x 8 x 1/2° Fixture Plate

BSM Pyroshock Test Setup
Front View

3 Denotes accelerometer location
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Data Acquisition / Analysis System

ITEM

Accelerometer
Shock amplifier
FM Tape Recorder

Shock Analyzer

MFG

——

Endevco
Endevco
DataTape

GenRad
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Model
2225MSA
27408
3700
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SHOCK AMPLIFIER CALIBRATION, MODEL 2740B

S/N DUE DATE
FT80 1/22/94
FT73 12/25/93
FT77 12/29/93
F174 12/25/93
FT75 12/25/93
FK21 12/28/93
FT72 10/21/93
FJO5 12/29/93
GB75 12/24/93
GB72 12/29/93
GB73 12/29/93
GB69 12/24/93

SHOCK ACCELEROMETER CALIBRATION, MODEL 2225M5A

S/IN DATE
GN25 8/20/93
GN3§ 8/20/93
GMé66 8/20/93
GM67 8/20/93
NW6E6 8/20/93

~—~ AOSH 8/20/93
A22H 8/20/93
A26H 8/20/93
A33H 8/20/93
Ad42H 8/20/93
A91D 8/20/93
A93G 8/20/93

STANDARD ACCELEROMETER CALIBRATION, MODEL 2270

S/IN DUE DATE
SA04 8/31/93
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Appendix A
Photographs
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Appendix B
Test Data
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Appendix C

Specification Exceedance Deviation
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Figure 1

TCP NO ..
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BSM MOTORS S/N 1000734 AND
1000738 VIBRATION TEST DATA



to Attn of:

.0
National Aeronautics and

Space Administration

George C. Marshall Space Flight Center
Marshall Space Flight Center, AL 35812

ED73(93-101) November 1, 1993
TO: EE11/Mr. Smith
FROM: ED73/Mr. Brewster

SUBJECT: SRB Booster Separation Motor (BSM) Vibration
Qualification Test - SRB-QUAL-ED93-061.

The Booster Separation vibration qualification tests were
completed on two BSM motors SN 100034 and SN 100038 on
September 20, 1993. Vehicle dynamics, random liftoff and
random boost tests were performed on each motor in all three
axes. The tests were run as specified in Document BSM-TCP-
EP54-001, Title "BSM Delta Qualification Test," dated August
16, 1993.

Two control accelerometers and two axial response acceler-
ometers were used for each test. The accelerometer locations
and test axes are shown in figure 1. All instrumentation used
for the test are shown in table 1.

This report contains all of the required data. Any questions
concerning this report should be directed to Mr. J. McGee at
544-1136.

2o B Bree st~

Steve R. Brewster
Chief, Dynamics Test Branch

Enclosure

cc:
ED23/Mr. Ferebee

ED73/Mr. Hofmann (4 copies)
EP54/Mr. Bevill (3 copies)
ED73/File Copy

USBI/Mr. Tieman
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TEST AND CHECKOUT PROCEDURE
FOR

SN 10 -  SHB-QUAL-EDT3 -

Date of Test: 2-2,0- 23

Test Article Serial Number: SH J000734 + Jo00 73R

Test Requirements Documents: ﬂ_Z[ﬂ-ZQE—E &f—l =001

FOP’s Attach\ed:

Type of Test: mﬁddﬂdﬂ (RUALIEICATION |

PREPARED BY: 2-20-%93
. Date

Engineering Technician/ED73 Date

APPROVED BY: éﬁZ(L};ﬂ /eﬁmuaﬁs—_ [-2-93
Steve R. Brewster/ED73 Date

Chief, Dynamics Test Branch

APPROVED BY: /// w Z-2d -3

Quality Assurance Date
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GENERAL RIQUIREMENTS

The Test Engineer will- be in charge of all prerarztions a=2

activities during the vibraticn test phasas.
SAFTETY -

When safety critical test conditions recuire‘’personnel access, the

3
(25

Test Engineer will assure that the operation procedures an

policies set forth in ETC1-SOF-01, "Standard Operating Procedur

({1

for Safety Critical Operztions" will be acdhered to.

The Test Engineer will be respcnsible for the safety of perscrnel
involved in the test activities; and will be notified ipmediately

of any perscnnel injury.
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FOET-TEST VRRIFICATION

., Test and Checkout Prccedure 5 K B'QUAL" Equ —Qé/

i Been satisfactcrily c=mpleted and cocumented.

_Suxmitted by: . / 7»20-73

+ Encineer SD73 ate
Verifiec by: e, — g -9-%3
Crality Assurancse Dets=s

Merniteor
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Control System - H.p. Model 54272 s/N 1848A00160

Charge Amp - Endevco Model 2775A s/N 783844
784074
784070
783846
783850

Power amplifier - Ling Model PSE 335 S/N 108

Shaker - Ling B 335 S/N 628191

Voltmeter - Keithley 193a g/N 303426

. Counter - Hp 5316a s/N 2120A01228

Tape Recorder - Datatape 37000 S/N 533772

Shaker - UD T4000 S/N 353906

Power Amplifier - up T360 S/N 731628

Accelerometers - Endevco 2227 S/N CF31

Endevco 2227 g/N PA73

Endevco 222¢ S/N HAS89
Endevco 2226 S/N AB37

Table 1
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CHECK OFF LisT
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N IYNINS L

TEST OPERATIONS SET-UP WADIA L

LoawGiTVD |40
AXIS ,_AuGCuY/ac

1.1 Verify proper calibration of msmﬁmentS_to be used. Ve ¥
1.2 ‘ferify proper calibration of accelercmeters to be used. Y ¢ [
1.3 Install test article on sha-.ker and verify test axis. -ty 7
1.4 Install accelercmeter(s) on test article. /¥ 7
1.5 Verify continuity from accelercmeter(s) to charge

amplifier ocutput(s) : ’ ;7

Torgue Values:

Test Fixture: - >3

Test Article: _FeA BSMTEST PL AN
Shaker Used: V) 1- L[-D&O

dagters, Used: /{dAp gz 154 Qe&-— 2 r’LATE/fﬂf")IMGJ-)




[T

L/_Fr‘opj-“ Ranoom

RANDCOM CE=CX-CUT

D00 734

axzs KAPIAL .

Verisy test prograa and racord RS aZert lizis Telcw. 7

De-=zra levals as cefined telcw and vesify wizh plst. - /
Reco=-d the follewing: o
rmpliifier Gain éfz 2

Cha-ze 2=z. T.S. 304

2 {2 =z @ .{2{2 c¢/zz, li:i‘:sv 3 - .f#

nt

n

|
\
o
Q
1]

)
m
O
o

|.l

l

imits '
Ez - =z 8 lizmits
= - == 8 linits
=z - =z 8. iimits
e —— e \
Zz - =z @8 ilxnits
== - =z @ - limizs

mast> lavel ConcucTance:

Compcnent Assesszent B—=2=ca Daze
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-.J

BoosT Ranper sy 1000734

PerZsra levels as cefines helew and

=z 8 C-z/:-::, iinizs

22 Ez - 200 =z Y " iinizs

350 =: - 1000 =z a XX’ " limizg
== - __ 2000 == e 018 linizs

=z - s 8 linics

Zz - == 8 linits

) =z -~ _Zz 8. iizmizs

Ez - .Zz e iixnits

: == - - =z @ - lini«s

Test Lavel Concuzrences:

CSzpenent Assesszent 2-ascs

.o iy s
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T axis Rebifl

LICLE_DYNAMICS CHECK-OUT - T
.11 Verify tesf_ bfoéf'ﬁﬁ and record the _a'bort level b.eloh.:. o _ [
" Abort Level _________ oD ' ]
1.2 Performll‘evel_; a;. défined below -anq verify wit;\ plot. | ¥
1.3 Record'th folibQingé.' | . i
Amplifier Gain . - .___ Y07, LS
Charge Amp. .i';".S. | M___'_'_l___O__G_ _____ |

Cat _07G _ ,iimit +/.3 as

.5- - /0 Hz
10 - 40 Hz at 37 G _,1imit /.8 aB
- Hz at _______ ,limit | dB
- _ Hz at ylimit __ dB
- Hz at ___ = ,limit - dB
Sweep Rate = 3 oct/min
Tesf leQeI concurrence:
f"Z‘ ’ ”:'; _ Component Assessment.Branch . Date_f,
- . - o :
JbageA of -
205
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Lier Oee Rauport S 1000734

RANDCOM CEZCX-=CUT

e e e ———————

VeriZsy test progTza and racord RMS aZert lis

_ti: '.':ElC'J. . /

aMs a=or: limis 4 |

¢3

se-fsra levals as ceZined telcw and verify with gpist. pd

Chac-ze A=z. T.S. 30 4

\

m
]
o
l.l
'l
P
1
"]

t
n
m wm M a m

b

1

3
[11]
n
1
"3
L
m
"
%)
n
1]
0

mage Lavel ConcuTTancs:

Camzpcnent Assess3ent Bo2nel vate
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(a4

R2ANTOM CETCX-CUT

\
1 AT AKX W -
.

2mpliifier Gain 80 e
Chacze A=z=. T.sS. _loo 4

=z @ G/Zz, 1iinizs 45 ~f 3 b
20 5z - _ 800 =2 a L8 /1 iinics t
_ =z - 2000 =z e __.pj7 1imies  M¢
== - == e ' linizs
-_ FEz - __ =z 8 linizs
—_— _—
=z - =z 8 liniss
_ Bz~ z=q limits
-  Ez - ==e_ limies _
_ =z - Tz R ___ - linies _

Tast Lavel Concrzrance:

Compcnent Assesszent 3—=a=ch Date
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sICLE DYNAMICS CHECK~QUT . - . = L R -“ - axis 72 VCENTIAL

Verxfy test program and record the abort level below. B 4

-Abort Level ‘i‘_;f...-" L J "jj L ~ ,

;:‘: 1.2 . 'Perform level; as def;ned belou And verxfy th;'l wplot. o ‘.-- k Z -
" 1.3 Record the follow1ng' AR S o |

~ :- Amplifier Gain _ - HO 70' . .

7= Charge Amp' F S. _" :"-_____[_Q__f _____

_ S - /0 Mz at o] yimit _+ /[ 5 as

3;. ) o FO vwzat __ 4.3 iimit | dB

dB

l

- Hz at : s 1imit

- . Hz at dB

—_— S limit

- Hz at

Sweep Rate = ] 3 _oct/min

- Llimit _. dB

’ ot
T 5
. -

'~ . Test level concurrence:

5 - - -Component Assessment Branch"_ .. Date o
;. . ) ’ '..page .t :

e — ———



[Rd

Lieroer fanporm SH 10075¢
RANDCOM CEECX-CUT |

axzsloNGI TURINAL
2=é racord RMS aZcrt 13imis telcY. d

T —————

- S e v A R /
- P o — - w o
- &

-

o
H
gV
'-.
..I
"
[BD
1)
"
)
[\l
ho
H ]
~
D)
N

7t

== - == 8 T iniog
—— J—
£z - £ 8 liaits
== - ==z 8 liaits
— S R —
- = - - E ‘-_.;a.s
== =2
—_— J—
==z - == @ 1:imits
— [ [
. E= T =z @ . 1imizs
== =

mase Lavel Concas—ance:

Compcnent Assesszen~ a-zsca

v
v
(!
(1]
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R2NDOM C¥=CX-CUT

e e ——— i e

<

oy

MS akort limis . [

- .

Pericra levals 2s cefines kelew and -

ecs=d the follewi=c:

Axplifier Gain e

100

!

in
N

g
8
e
—_— == @
-_ _Ez - —_ == 8
—_—
—_ =z - — ==z g
-_ ==z - —_ =z 8.
.. e
=z - :E: e
—_— —_— —_—
==z - =z @ .om
Co=sesita = . Gr=s
Test Tize =

Test level Concuzrence:

eTify test progran and racord RS atert lismie

Zelcw.

AXISLONGI NVpiyqe

—ﬁ\/
—

T

Compecnent Assesszjent 2-==ch
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[CLE DYNAMICS CHECK-QUT . = . =~ S T | pxIs me,q_

11 Ver:fy test program and record the abort level below. - e e

- ‘,;'. ' Abort Level : -I e E [db ;" foe e ‘_-' - o

& P

- - -

1.2 - Perform Ievels as def;ned belou and verxfy w:th plot. . ‘é -

1.3 Record ‘the following' S jf"' T

- Ample:er Gaxn e 4070 ,

Charge Amp. F S. " : _;_,_/_é_(;-___
\ g r_ yy) Hz at o 7 ,1imit ‘7'--{.,{ dB
/0 <. 40  hHz at 4.7  limit ! dB
- ' Hz at : slimit dB
_ - . Hz at ylimit dB
- ' Hz at slimit _ _ dB
‘Sweep Rate = ____ 3 oct/min - o
_ . - L .
* X Test level ,t':on.currenc_e{
: " 7 ~ -‘7_ ‘Component Assessment ‘Branch;_ ' Da’ce. .
" page_ L
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SN 1000734

‘ o KApiAL
M Tss_ LieTaFE - LonciTu,INAL

AXIS 7'/4N/J‘ ErNTiAL
Record a minimum cf 30 seconds pof calibration signal on
tape recorder. ) : v
set full scale rances on instrumentation amplifiers and

note on data sheet.

¥/ r
Set power ainplifier gain to position noted during random
test check-out. oy
Perfora self check of cocntrol systam. v (v
Begin test séquence at - _7_ ¢B from full level. /¥
At - __é_ dB, start tape recorder. _ Vs v
Note time when full lavel is reached. JS&& Tape Log v 7y
At the completion of the test, set power amplifier gain
to off. v 7 v
Stop tape recorder. ‘v,
Inspect test article fo:;: damage or degradation. Sy
Remove test article from shaker. vVrv

212



10

i1

| tape recorder.

SN 1000 734

AXIs

Record a minimum cf 30 secﬁnds of calibration signal on
Set full scale rances on instrumentation amplifiers and
note on data sheet.

Set podér ahplifiér gain to position noted during random
test check-out.

Perform self checX of cocntrol sysiam.

Begin test séquence at - _9 ¢» from full level.

At -_{ _dB, start tape recorder.

Note time when full level is rsached. J &€ /APF Log

At the completion of the test, sat power amplifier gain
to off.

Stop tape recorder.

Inspect test article fof damage or degradation.

Remove test article from shaker.

213
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SN 1000734

~1CLE DYNAMICS TEST axis [,
. TANGENTIAL
1.1 Record a minimum of .30 seconds of calibration signal an LONGiTL IV
| tape recorder. rry
1.2 Set full scale ranges on instrumentation amplifiers and
note on data sheet. | L 7y
1.3 Set power amplifier gain to position noted during sine
test check-out. L Y
1.4 Perform self check of control system. - [ oV
1.5 Start tape recorder. L 7
1.6 Begin sine sweep. . A 4
1.7 Note time of DCS "SWEEP UP" or "SWEEP DOWN" indicatiaon
light. J€e Tdpe LoG______ « 77
1.8 During first sweep, préss the "SAVE" button on DCS. v _ g
1.9 If more than one sweep, note time of DCS "SWEEP UP" eor

"SWEEP DOWN" indication light.

1.10 At the completion of the sweep, set power amplifier
’ gain to off. - o ¥ s#&
1.11 Stop tape recor;ler. . v g r
1.12 Inspect- test article for damage or degradation. y 77
page - of
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SN 100034

IEST  Data

215



TEST DATA S/N 1000734
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RANDOM, LIFT-OFF, RADIAL AXIS

217



$HE€LOOGO, ?\,\ YIauy¥ 440-1417 ‘WSE 201 24, o1

o002 S°61
[
[ 2
E-
// e-
N\ . \\\
AN —1_Z]
N\ FaN
N i |~ &8
| "
\]
\J
0
ZH 805 D u ot
91 eJfv LIS =400 €88°r » J W10 $.9 LEQO°L = 13037 SWH
. aq oo’ iy $23S 92 = 3WIL Q354913 1831 150d

T ldYd ‘*avd¥ °0°71 TO¥LINOD

218



b€ 290, 743

WIAYY 430-1417 ‘usg

207 ZH o O
cose S°61
N ml
'l
i
i
€~
/./ e~
uisudnda AN =
i = -~
: AN
T AN L~ | &
Vv JJ
i )
ZH 408 9 T 1
91 iny 9S =401 EEZ'r « 4 “i1g $.9 618°, « 13n37 suy

1Y 5335 of * IL (3IsdvI3

1531 1s0d
2 l¥Yd ‘"quy ‘g°q 108" 40D

219



ZH/¥0s o

989°'6 1337 suy
*LISN3Q 19249345 ¥3N04
1S3L Sixw gey ‘90T T

220



¥ELROOT N/S‘ QWY “0°1 WSE 901 ZH 0 o1

0007 0'ee

/"—-—/

F‘

ZH/80S 9

SLb'8 = TINIT SWY
ALISNIQ TWHL1034S HINOY
LAL SIXY Cuy " Tiwl T

221



¥ECOBOT N/S‘ oy “0°7 UWSY

907 zH Py

o1
0°02

T
P~

ZH/¥0S O
68°.2 = 13INIT SN¥
ALISNIQ 9¥103d4S ¥3N0d

AE3L S (o i3y T

€~

222



PELOOOT N/S‘ - qQuy ‘0" wsg

907 Nzo 91
ovee 002
— 1 s
I ~ !
IR / |
\
; |
]
<~ ~
/
Al ~
[1 7 1 [
— \
U\ [ ]
/
|
— f
/
\/
S N
ZHALIS 9

PE'RT « 13037 suy
ALISNIT 6819345 ¥3N0g
I SV vy BN Tl B 1Y

223



T —— TW
pe—
] - \n! n
- - S |
N I N |
| — 1\ .:
R IR
I ,
— 11— <]
| ] ) -
S
A
i / T 17T =
]
SR —
— —
.
o
II’I". '!'
[“"!‘AI prm—————
e —— I ]
= — —
— IT ]

ooooooo



oeae

¥YELOODT N/S’'aAY¥ "0°1 WSH

901 ZH 0

el
0°ee

p—1"1
'\

. ZH/¥0S 9

S85°6 = 1In31 SWY
ALISN3Q T9HL03cS ¥3Nn0d
1834 SiXY Qwd ‘" Twy 2y

225



RANDOM, BOOST, RADIAL AXIS
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SN 1QQ0734-

TEST OPERATIONS SET-UP apid e
LA TP ¥
AXIS | Toroom ey

- .

Verify proper calibration of instruments to be used. v s ¥

\fei'ify proper calibration of accelercmeters to be used. Y ¢ 7/

Install test article on shaker and verify test axis. AN
Install accelerometer(s) on test article. L ¥ 7

Verify continuity from accelerometer(s) to charge

amplifier output(s) ‘ R

Torgque Values:

Test Fixture: - é ;.7 44{ @;

Test Article: _fan BSMTCST PL AN
Shaker Used: L/ﬂ T-4000

V7, 44
Adapters Used: (dA) 49 EAPANDER = 2 PLare(f0r110065-)
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SN _ 1000738

TEST OPERATIONS SET-UP

AXZIS

Verify proper calibration of instruments to be used.
Verify proper calibration of accelerometers to be used.
Install test article on sha:mker and verify test axis.
Install accelerometer(s) on test article.

Verify continuity from accelercmeter(s) to charge

amplifier output(s)

Torque Values:

Test Fixture: éﬁ 2 /f

Test Article:

-~ ——

T AT N JSN
shake: Used: UD /"U'Od

RAvIAL

z_am../‘ﬁ/o//vm_

s i T

v 7 v

w £ 7

v f v

v ¢y 7

adapters Used: MAAD Y8 ExpANDER — 2pLATE Gorlio063-1)
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SHICLE DYNAMICS CHECK-OUT axts R
1.1 Verify test prngfam-and recdrd the abort level below._
" Abort Lével_- ______;__ gié__
1.2 Perform levelé as'defined below énd verify witﬁ plot.

1.3 Record the following:

Amplifier Gain

Charge aAmp. F.S.

s/

Sweep Rate

Test level concurrence:

7 page

Hz at s limit dB
Hz at s1imit dB
Hz at ylimit dB
oct/min
Component Assessment Branch Date
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RANDOM CEZCX-CUT

Verify test procr

RME 2=0orxr: lizmis l

l
h
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"
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3
il
iu
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n

il

L
E

PerZcra levels as cefined telew and o

Recsrd the feollcewing:

AmpiiZfier Gain 70 7o

Cha-ce d=z=. T.S

A
N
5y

i

in
1

nt
t
m m a a a M®m® ™ ™ m

‘1000738

t&
;\'
o3

J

-
-

T

=z iinizs
= - = - lixnics
Coc=resitae = /0 G=s
Test Tize = _ £ sec.
Tast Lavel Concus—encse:
Coxpenent Assesszent 2ras Daze
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BOAST Rawnem Su jo00 779
RANTCH CE=CX—-CUT

Axzs [ANGENTIAL

Verify test prcoraam and

RMS aXor:t limis ]

Per-Zcra levels as cdefined telew and ve:if;.; Wit plict. 4
Recszd the feollewing:
Amplifier Gain 80 Z,
Chazze 2==. T.S. [0O CS
y
=z z

074 /"

01

m

"

|
Q
O
h
N

n
N
1
m
t
m ®m m @ ®m m ™ W W

== = = - lizi<s
Co=ctesita = Zé- 9: GIxs
Tes< Tize = ) Sez.
Tast level Concus—ance:
Compenent Assaesszent 2ranca pvaze

305



_SN [0s0738

1oLT TYNAMICS CHECK-QUT ‘ | T ax1s TANGLN T

, ‘:-_-_1.1 Verify test program and recnrd the abort level below._. -
_ Abort Level . _ T J JA e & - .. N -
. ' '.1.2 E Perform levels as -d;fmed below and verify th; plot. ‘ i |
1.3 Record the followxng' A ‘ e |
sz Amplifier Bain . - .___. Y2 70 - L )
- P ' Charge Amp . F S. _____j_&____[}: _____
~ s ‘ -
S - )0 Hz at e 1 ,imit /.3 dB
/L-— ~ F0 hHzat 4.3 ,rimit dB
- | Hz at s 1imit dB
N - : _ Hz at Jlimit _ dB
- Hz at ,1imit : dB
Sweep Rate = 3 _oct/min : .
» fesf lev.gl ,cor.\c:‘urr.enc‘_e:'
N . " Compoﬁent ‘Assessment.Branch -_ Date
Sene i 306 :
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Reczzd the fcllcewing:

Ampiifier Gain 7077
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E: - 0 .0 =z 003 1i=d

E= - == 1ial
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RANTOM CE=CX~-CUT

e e e —

Verify tast pIc
RMS a=o

Perszra levals as caiined

TastT lav

el

o

™= limit

ConcuozTence:

c=23 and racord RS atcrt lizit Telcwv.
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SN 1000734 =+ 1000 7358

CEW1SLE DYMAMICS CHECK=-0UT - , T AXIS Layiiiipsv.
;:-,_2.1 -Verify test program and recnrd the abort level below._ . .
: .: _. Abort Level e - . o Ldb - -t N S
‘; 1.2 E Perform level; as -d‘e‘fxn.ed below and verify with plot. - e
B '_1~-3 Record th_e followjng:. ' » B .
- _ Ce Amplel.er ‘Bain . - . ___,__lﬁ_d_zo_____ - ',-'
: _ . Charge Amp. F S. —;__._-/0' G
: g - /0 vz at 7 _timit _F=/4"  aB
/"5'.-‘/ 40  Hz at 4.3 ,limit o dB
- Hz at s 1imit dB
- ' - Hz at ,limit _ dB
- Hz at ylimit : dB
‘Sweep Rate = 2 octsmin
Test l>e;v‘.el ‘conc'urr-enc‘e:'
N \ . o : L ) -Component FAssessment‘Braﬁch‘ ._ Date”:;ﬁ




SN 1000738

L KAaptne
RANDOM TEST LIFPOFF . LONGITYDINA

AXTZ TANGENTIAL
gttt

.1 - Record a m.nmum cf 30 secbnds of calibration signal con
tape recorder. | YV

.2 Set full scale rances on instrumentation amplifiers and
note on data sheet. v v/

3 Set power aﬁplitier gain to positien noted. during random
test check-out. v ¥ v
l.4 Perform self check of ccntrol systam. l /
1.5 Begin test séquence at - _i_ éB from full lavel. [y
1.6 At - __é_ dB, start tape recorder. v o/ 7
*.7 Note time when full level is reached.jeg [ire LoG /Y

T.8 At the completion of the test, sat power amplifier gain
to off. (¥ 2
1.9 Stop tape recorder. ( 7/
1.10 Inspect test article for:' damage or degradation. Va4
1.11 Remove test article from shaker. y_r v/
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' 2

3

-4

«5

L9

.10

panpom rEsT _DoosST

AXIS

Record a miﬁimum cf 30 secbnds of calibration signal on
tépe recorder.

Set full scale rances cn instrumentation amplifiers and
note on data sheet.

Set power aﬁplifiér gain to position noted during random
test check-out.

Perform self check of ccntrol system.

Begin tast séquence at - _j[__dB from full level.

At -_§ 4B, start tape recorder.

Note time when full lavel is reached. J¢€/ &4 LG

At the completion cf the test, sat power amplifier gain
to off.

Stop tape recorder.

InSpect test article fof damage or degradation.

Remove test article from shaker.
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SN 1000735

PAOIA L

CLS TvNamMimg To=2T7 AXIS  TAHNEEYT:
1.1 Record a minimum of .30 seconds of calibration signal on Sl

tape recorder. ‘ o
1.2 Set full scalé ranges on instrumentation amplifiers and

note on data sheet. | vv V
1.3 Set power amplifier gain to position noted during sine

test check-out. uvy
1.4 —Perform ;élf cﬁé;klaf é;ntrbl éysfém. - e /v
1.5 Start tape recorder. » Y ¢+ 7
1.6 Begin sine sweep. . r v ,7
1.7 Note time of DCS "SWEEP UP" or “SWEEP DOWN" indicatiaon

light._Jee TAPe Log________ A
1.8 During first sweep, press the "SAVE" button on DCS. r Iy
1.9 If more than one sweep, note time of DCS "SWEEP UpP" er

"SWEEP DOWN* in.dication light. ________ =™/} -
1.10 At the completion of the sweep, set power amplifier

gain to off. PR v J/ v
1.11 Stop tape-recor¢er. ' v ¥ Y
1.12 Inspect test article for damage or degradation. 2y
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RANDOM, BOOST
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TANGENTIAL AXIS

RANDOM, LIFT-OFF
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RANDOM, BOOST
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LONGITUDINAL AXIS

RANDOM, LIFT-OFF
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LONGITUDINAL AXIS

RANDOM, BOOST
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BSM MOTOR S/N 1000734
OBSERVATION AND DEVIATION
SUMMARY



1293 Delta Qualification Tests at MSFC

Motor SN: 1000734

#1.

#2.

#3.

#4.

#5.

#6.

#7.

#8.

Reference step 6.2.1.8 in BSM-TCP-EP54-001. No damage was
noted. Motor and container in good shape,

Reference step 6.2.6.4 in BSM-TCP-EP54-001. No propellant
grain cracks or other defects noted. A small amount of RTV
resi_due was observed on the igniter case and main propellant

Reference step 6.4.5 in BSM-TCP-EP54-001. No damage was
observed due to the pyro shock test.

Due to the loose fastener problem on SN 1000738, the forward
bracket fasteners and the aero-heat shield fasteners were
lockwired on SN 1000738. Torque stripes were also drawn on
the bolt head so that any rotation during testing could be
detected. Beits torqued 4 160 (n-tbg,

Reference Test Procedure Deviation item 1 for BSM-TCP-EP54-
003. Conditioning chamber temperature for this motor is 25° F,
+0° F, -5°F. During the radial axis testing, the chamber

Reference step 6.8.1 in BSM-TCP-EP54-003. No damage was
observed to the BSM due to vibration testing. This inspection
was performed before bracket removal. It was noticed during
this inspection that three of the forward bracket fasteners had
de-torqued slightly (recall these were lockwired). The aero-
heat shield fasteners remained torqued.

Reference step 7.3.4 in BSM-TCP-EP54-003. No cracks or other
internal defects noted on the propellant grain.

Reference step 7.5.5 in BSM-TCP-EP54-003. Light burnishing
marks were observed on the forward face of the BSM.
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CAUTION: When using the ESD scanner and the electrostatic
reading on the motor case surface exceeds 1.9
kilovolt, stop all activities on the case, initiate
personnel fall back (a minimum of 4 feet) and

notify safety.

After initial reading over 1.0 kilovolt, repeat electrostatic
reading at intervals not to exceed 5 minutes until the

the voltage has dissipated below 1.9 kilovolt. When

the reading is below 1.0 kilovolt, removal operations may
continue.

connection to facility ground is open, reconnect through
larger resistor (100 Kohm min.) to allow a slow
discharge of the motor case.

If the electrostatic reading on the case surface exceeds
4.0 kilovolts, STOP all activities on the case, notify
safety , and evacuate all personnel to safe locations

as directed by safety.

CAUTION: The following step involves working with a suspended
load. Keep handsg and feet out from under the load.

6218 Slowly, monitorin 1 static ch%crééﬁx’é ?ﬂgdmotor out of the [V}/
container using the overhead crane. Lower the test item
so that the forward end of the motor is at waist height.

A detailed visual inspection shall be performed by the MSFC [V]/ f‘
test engineer and the CSD test engineer on the live test items f
before testing. Record the motor's serial number. [

No Damage Mo c’,ﬁmay /VB
Damage (detail in attachment)
Serial Number / Caoo 134

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

6219  Attach the "break-over” brackets and lifting strap on [(
the forward end of the motor (see Figure 2, Appendix C).

CAUTION: Do Not disconnect the ground wire while breaking the
motor to the horizontal position,
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Record SN of torque wrench: Emyeo3sTy Ae,D _BIW-2pc

6252 Release the tension from the lifting straps but do not disconnect >
the straps. These straps may be used to tape off accelerometer
wires if necessary.

6253 Place the pyrotechnic debris shield in front of the large bay doors [v]/

S~ on the north side of the pyro room.

626 Perform Grain Inspection

6.26.1  Clear area of all nonessential personnel for grain inspection. [J]
(Only the grain inspectors (2) and the MSFC TE shall remain.)

6.26.2 Verify grain inspector(s) is(are): [\A
a. Wearing 100% cotton coveralls, shorts, and undershirts.
b. Wearing a wrist strap.

c. Wearing tethers and/or tape to keep eye glasses, rings, and
watches from falling into the motor.

6263 The grain inspector shall now remove the security bag and cover [\\./
from the exit cone.

- 6264 Perform grain inspection.
Cracked propellant? yes @
// rain ¢ i oy athe
[ /
as A
) main grain., DK o orpreed

ther comments on grain condition:

FC QA 7--2/~7J ;:i
?",?1- 723 .

CAUTION: When using trichloroethane,personnel shall wear
chemical goggles and Neoprene-Latex gloves.
Contaminated materials shall be disposed of as
hazardous waste.
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6.3.7 On the count of "3", the pyro technician shall put the switch
in the "ARMED" Position and verify that the power indicator
is illuminated.

638 On the FIRE command, the pyro technician will open the red
cover and flip the firing switch.

639 After firing, turn the firing panel key to the "UNARMED"
position.

WARNING: If blasting cap does not fire, refer to Section 10.4
in ED73-SHK-FOP-004 (see ypendix A),

Blasting Cap Fired: yes _ V. __ no
6.3.10 Remove the arming key and disconnect the voltage supply.
6.3.11 Test personnel may now return to the control room.

6312  Wait a minimum of 5 minutes after firing before opening
the door to room 170.

6.3.13 The lead pyro engineer shall now begin to reduce the data.
64 Post Test Inspection

64.1 Inform the MSFC TF that the door to room 170 from the control
room is to be opened.

642 The pyro technician shall enter room 170 and move the junction
box switch to the "BULRB" position.

643 Remove blasting cap leads from junction box.

644 Inspect the shock plate to insure all explosive devices fired
properly.

WARNING: If all explosive items did not fire, refer to
Section 10.5 in ED73-SHK-FOP-004 (see Appendix A).

645 The BSM shall be visually inspected for damage resulting from
the pyro shock test, Any anomalies will be recorded. All other
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6.7.3 Vehicle Dynamics

6.7.3.1 The following levels and conditions apply for the vehicle dynamics V/
test. Vibrate the motor only as follows.

Frequency (Hz) Level
5t 10 0.7 g peak
10t0 40 4.3 g peak

Sweep Rate: 3 octaves per minute
68 Post Test Inspection

— \h\
681 The BSM test item shall be visually inspected by the MSFC QA, W/
MSFC TE, and the CSD TE for exterior damage resulting from /
vibration testing. S driknery detomued sl AH’ —
682 Remove all instrumentation. M

69 Data Requirements

Power Spectral Density (PSD) plots for all control and response
accelerometers for lift off and boost tests shall be recorded. The
test tolerances shall be overplotted on the control accelerometers

plots. Acceleration versus frequency plots shall be recorded for all
. accelerometers used during vehicle dynamics tests,

7.0

71  Conditioning Chamber Removal

7.1.1 Disconnect any hoses and instrumentation that hinders [V/
the removal of the chamber.

7.12 Using the overhead crane, slowly lift the conditioning chamber [ﬂ/
off of the vibration table and place on the floor.

7.1.3 Move chamber out of the way. [’]/

7.14 Move the conditioning unit out of the way if necessary. [‘-']/

7.15 Verify motor ground connection on the motor and at the facility [V]/

ground contact point.
7.16 Remove vibration table insulation, [V]/

ry
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72  Aero Heat Shield Removal

‘ WARNING: Removing the Aero Heat Shield eéxposes the motor's

- Propellant grain. Personnel should use caution during
any operations with and exposed grain. Tools,
watches, eye glasses, etc., should be tethered (if
necessary) to prevent dropping anything into the

motor.
721 Make sure the motor ground is secured. [\J/
722 Make sure verified wrist straps are being worn by the personnel M
removing the aero heat shield.
723 Remove the fasteners from the Aero Heat Shield. [ v]/
Place the fasteners in a marked bag.
723 SLOWLY remove the Aero Heat Shield. [-.J/
725 Remove the heat shield seal. Do not drop the seal into the motor. [b]/
73  Post Test Inspection of Motor Propellant Grain
73.1 Make sure motor ground wire is secured. ["]/
732 Clear area of all non-essential personnel. Only the grain inspectors M/
' (2) and the MSFC TE shall remain.
733 Verify grain inspector(s) is(are): [\J/

a. Wearing 100% cotton coveralls, shorts, and undershirts.
b. Wearing a wrist strap.

¢. Wearing tethers and/or tape to keep eye glasses, rings, and

watches from falling into the motor. 47

\
@.4 Perform grain inspection. (

Cracked propellant yes |

If yes, give approximate location and size of crack:

\_
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Other comments on grain condition:

'1{//) /Lk/l/"[ Q44 /)7%/7;—/ /'lfé/n// / z[" 74’/,76 'n/)?‘&/, /V/') 111/)‘7{2)}‘ .
o —atlivh bl £ R Shock sr yibvating 7‘95)‘;;17,

-l Grain inspector(s)‘%w m 7'025'23
MSFC QA (/ )

735 A draw-wire, fabric, security bag shall be installed over the N

nozzle exit cone. The bag shall be closed around the exit cone

and secured by inserting the bag wire ends

(i.e. cover the exit cone the same way that it

was received).
74  Adapter Plate Removal
741 Remove the adapter plate to vibration table fasteners. [\/I/
742 Attach lifting straps as shown in Fig. 1b (Appendix B). o

CAUTION: Be careful not to disconnect the ground while
lifting the motor.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

743 Lift the motor off of the vibration table and move to an area [‘f/
near the wood supports.

744 Lower the motor so that it rests on the wood supports. [V]/
745 Rotate the motor 180° so that the adapter plates face up. [(
74.6 Remove the bracket to adapter plate fasteners. Place fasteners [\/

in a marked bag.

CAUTION: Be careful not to disconnect the ground while
lifting the motor.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

75  Aft Skirt Bracket Removal

75.1 Remove the aft end motor to bracket fasteners (12 places). [\/
Place fasteners in a marked bag.
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CAUTION: Be careful not to disconnect the ground while
lifting the motor.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

752 Lift the motor to waist height using the overhead crane. [V/
753 Rotate the motor 180° so that the bracket to adapter plate [v]/
fastener holes face the floor.
754 Lower the motor so that it rests on the wood supports. [‘\){
\ \’—"/
Remove forward end motor to bracket fasteners (8 places). [

Place fasteners in a marked bag. Lisht A‘m,-sh,'m on

. — face -
m%mm

81 Attach 2 D-rings, 180 degrees apart, and one lifting strap [\.}/
to the aft end holes of the motor.

82  Attach the “break-over” brackets (and lifting strap) to the o
appropriate bolt holes on the forward face of the motor case.
83  Attach the aft lifting strap to the overhead crane hook. ( b}/

CAUTION: The following steps involve working with g suspended
load. Keep hands and feet out from under the load.

CAUTION: Be careful not to disconnect the ground while
lifting the motor.,

84  One person (as chosen by the MSFC TE) shall hold the lifting [\)/
strap on the forward end to keep the motor from swinging when
lifted from the aft end. Slowly lift the aft end of the motor to bring
it to a vertical position.

85 Raise the motor so that the aft end js at waist height. w”

CAUTION: The following steps involve working with a suspended
load. Keep hands and feet out from under the load.

86  Disconnect the "break-over" brackets. Place brackets in a [\-}/
marked bag.
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BSM MOTOR S/N 1000738
OBSERVATION AND DEVIATION
SUMMARY



BSM Ot tion_and Deviation S
1293 Delta Qualification Tests at MSFC

Motor SN: 1000738

#1.

#2.

#3.

#4.

#5.

#6.

#7.

#8.

#9.

Reference step 6.2.1.8 in BSM-TCP-EP54-001. It was noticed
after opening the shipping container that the motor to
shipping container ground strap was broken. The motor did
not appear to have rotated much during shipment. The broken
ground strap was placed in the "mass simulator" shipping
container and shipped back to CSD.

Reference step 6.2.1.8 in BSM-TCP-EP54-001. A small
dent/scratch was observed on the motor case. This
dent/scratch was located at approximately 30° from the
forward indicator pin, 3 1/4" from forward end.

Reference step 6.2.6.4 in BSM-TCP-EP54-001. No cracks or
other defects were noted on the propellant grain. A small
amount lint and liner particles were observed on the grain. A
red stain was also noticed on the grain surface.

Reference step 6.2.7.7 in BSM-TCP-EP54-001. The aero-heat
shield fasteners were very difficult to torque due to the primer
in the holes on the exit cone. The primer was removed with
1,1,1 trichloroethane and que-tips.

Reference step 6.4.5 in BSM-TCP-EP54-001. No damage was
observed to the BSM due to the pyro shock test.

Reference step 6.8.1 in BSM-TCP-EP54-003. No damage was
observed to the BSM due to vibration testing. This inspection
was performed before any bracket disassembly.

Reference step 7.3.4 in BSM-TCP-EP54-003. Post-test grain
inspection revealed no differences from the pre-test inspection.

Reference step 7.5.1 in BSM-TCP-EP54-003. Light burnishing
marks were observed on the motor case after removal of the aft
attach bracket,.

Reference Test Procedure Deviation item 3 for BSM-TCP-EP54-
003. The forward bracket attach fasteners were torqued per
step 6.2.2.4 in BSM-TCP-EP54-001 (150 in-1bs). These fasteners
were not lockwired on this motor. After finishing the radial
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#10.

#11.

100073¥

Photographs were taken. USBI, CSD, and MSFC agreed to re-
torque the fasteners and proceed with the testing. The torques
were verified with a different torque wrench after re-torquing
with the same wrench used at assembly. The test team also
decided to re-check these torques after each axis.

A deviation was also written for the test sequence of the radial
axis tests (see Test Procedure Deviation items 1 and 2 for BSM-
TCP-EP54-003). The boost vibration time duration should be 120
seconds as stated in BSM-TCP-EP54-003 step 6.2.3.1. However,
a USBI representative noticed that the boost vibration test was
only conducted for 60 seconds. He also noticed that the lift-off
vibration test was one second short (test tolerance on test
duration is +10%, -0%). This deviation was discovered after the
motor had already been unfastened from the table. So, the
motor was re-connected to the table and brought back to
temperature. Conditioning chamber temperature was
resumed 24.5 minutes after chamber removal so no re-
conditioning time was necessary. The final 60 seconds of the
boost test and the one second on lift-off were then completed.
The response data indicated that the forward fasteners
probably came loose at about 30 seconds into the boost sequence.
This means that the forward fasteners were probably already
loose before the chamber was re-connected to finish the last 60
seconds.

Reference step 7.5.5 in BSM-TCP-EP54-003. Chatter marks
were evident on the forward face of the motor case. These
marks were caused by the forward fasteners coming loose
during the radial axis test allowing the bracket and the motor
to rub. Burnishing marks were also evident on the forward
face of the motor.

Reference step 6.8 in BSM-TCP-EP54-003. After all of the
vibration testing was complete, the post-test inspection revealed
four aero-heat shield fasteners were missing. Several other
fasteners were loose. The aero-heat shield was still secured to
the exit cone, however, and did not appear to move during

testing.
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CAUTION: When using the ESD scanner and the electrostatic’
reading on the motor case surface exceeds 1.0
kilovolt, stop all activities on the case, initiate
personnel fall back (a minimum of 4 feet) and
notify safety.

)

C

After initial reading over 1.0 kilovolt, repeat electrostatic
reading at intervals not to exceed 5 minutes until the

the voltage has dissipated below 1.0 kilovolt. When

the reading is below 1.0 kilovolt, removal operations may
continue.

If after 30 minutes the measured electrostatic charge

is in excess of 1.0 kilovolt, Verify facility ground. If
connection to facility ground is open, reconnect through
larger resistor (100 Kohm min.) to allow a slow

discharge of the motor case,

If the electrostatic reading on the case surface exceeds
4.0 kilovolts, STOP all activities on the case, notify

safety , and evacuate all personnel to safe locations
as directed by safety.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

' 6218 Slowly, monitoring static charge, lift the motor out of the [q/
container using the overhead crane. Lower the test item
so that the forward end of the motor is at waist height.

A detailed visual inspection shall be performed by the MSFC [\}/
test engineer and the CSD test engineer on the live test items
before testing. Record the motor's serial number.

No Damage
Damage (detast-in-attachmeont) _Yisx (m’lvr‘lrn si\'lpp;m, corleiae, gromJ w.ré

Ao, gmtl a'ﬂ%(:ﬁt‘\ 3%~ e Kon.
Serial Number /00073 ¥ indickrpps 374 Fren fud e ,

!
!

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

6.219  Attach the "break-over” brackets and lifting strap on [VI/
the forward end of the motor (see Figure 2, Appendix C).

CAUTION: Do Not disconnect the ground wire while breaking the
motor to the horizontal position.
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6.25.2

6.25.3

6.2.6
6.26.1

6.26.2

6.26.3

6.264 Perform grain inspection.

/0002 §

Record SN of torque wrench: _( £/1700359 ApD T- 2102 (41

Release the tension from the lifting straps but do not disconnect 1
the straps. These straps may be used to tape off accelerometer
wires if necessary.

Place the pyrotechnic debris shield in front of the large bay doors [VI/
on the north side of the pyro room.

Srain losoecti

Clear area of all nonessential personnel for grain inspection. [v}/
(Only the grain inspectors (2) and the MSFC TE shall remain.)
Verify grain inspector(s) is(are): [/]/

a. Wearing 100% cotton coveralls, shorts, and undershirts.
b. Wearing a wrist strap.

¢. Wearing tethers and/or tape to keep eye glasses, rings, and
watches from falling into the motor.

The grain inspector shall now remove the security bag and cover E/
from the exit cone.

Cracked propellant? yes @

If yes, give approximate location and size of crack.

CAUTION: When using trichloroethane,personnel shall wear

chemical goggles and Neoprene-Latex gloves.

Contaminated materials shall be disposed of as
hazardous waste,
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637 On the count of "3", the pyro technician shall put the switch ["]/
in the "ARMED" position and verify that the power indicator
is illuminated.

638 On the FIRE command, the pyro technician will open the red ™
cover and flip the firing switch.

639 After firing, turn the firing panel key to the "UNARMED" 1
position.

WARNING: If blasting cap does not fire, refer to Section 10.4
in ED73-SHK-FOP-004 (see Appendix A).

Blasting Cap Fired: yes \/ no

6.3.10 Remove the arming key and disconnect the voltage supply. [+
6.3.11 Test personnel may now return to the control room. (3
6312  Wait a minimum of 5 minutes after firing before opening L

the door to room 170.
6.3.13 The lead pyro engineer shall now begin to reduce the data. BT
64 Post Test Inspection

64.1 Inform the MSFC TE that the door to room 170 from the control [\J/
room is to be opened.

642 The pyro technician shall enter room 170 and move the junction [\J/
box switch to the "BULB" position.

643 Remove blasting cap leads from Jjunction box. [\/

644 Inspect the shock plate to insure all explosive devices fired [V]’/
properly.

WARNING: If all explosive items did not fire, refer to
Section 10.5 in ED73-SHK-FOP-004 (see Appendix A).

until the "ALL CLEAR" is given by the MSFC TE, N Tomal
646 MSFC TE indicates all clear for appropriate personnel:
65 Post Test Removal from the Pyro Plate
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6.7.3 Vehicle Dynamics

6.7.3.1 The following levels and conditions apply for the vehicle dynamics [V{
test. Vibrate the motor only as follows.

Frequency (Hz) Level
5t0 10 0.7 g peak
10t0 40 4.3 g peak

Sweep Rate: 3 octaves per minute
68 Post Test Inspection

6.8.1 The BSM test item shall be visually inspected by the MSFC QA, 1
MSFC TE, and the CSD TE for exterior damage resulting from

vibration testing. CRA
g Mo dumaqe v id
682 Remove all instrumentation. Y

69 Data Requirements

Power Spectral Density (PSD) plots for all control and response
accelerometers for lift off and boost tests shall be recorded. The
test tolerances shall be overplotted on the control accelerometers
plots. Acceleration versus frequency plots shall be recorded for all
accelerometers used during vehicle dynamics tests.

71 Conditioning Chamber Removal

7.1.1 Disconnect any hoses and instrumentation that hinders [V}/
the removal of the chamber.

712 Using the overhead crane, slowly lift the conditioning chamber [\J/
off of the vibration table and place on the floor.

713 Move chamber out of the way. [\}/

7.14 Move the conditioning unit out of the way if necessary. M/

715 Verify motor ground connection on the motor and at the facility [VJ/
ground contact point.

7.16 Remove vibration table insulation. [l/I/
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— 72 Aero Heat Shield Removal

WARNING: Removing the Aero Heat Shield exposes the motor's

_ propellant grain. Personnel should use caution during
any operations with and exposed grain. Tools,
watches, eye glasses, etc., should be tethered (if
necessary) to prevent dropping anything into the

motor.
721 Make sure the motor ground is secured. [-\)/
722 Make sure verified wrist straps are being worn by the personnel [\/}/
removing the aero heat shield.
723 Remove the fasteners from the Aero Heat Shield. [v(
Place the fasteners in a marked bag.
723 SLOWLY remove the Aero Heat Shield. o
725 Remove the heat shield seal. Do not drop the seal into the motor. [q/
73 Post Test Inspection of Motor Propellant Grain
73.1 Make sure motor ground wire is secured. [4/
732 Clear area of all non-essential personnel. Only the grain inspectors [/
(2) and the MSFC TE shall remain.

733 Verify grain inspector(s) is(are): [v/
a. Wearing 100% cotton coveralls, shorts, and undershirts.
b. Wearing a wrist strap.

¢. Wearing tethers and/or tape to keep eye glasses, rings, and
watches from falling into the motor.

(/‘{3.4 Perform grain inspection. \—-——""4/\
Cracked propellant yes

If yes, give approximate location and size of crack:

L _/
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Other comments on grain condition:

N PEEL@ e At D Edcam 03¢ ~Tess IN- £ ¢ Ticsy.

Grain inspectorts) 3 2 A0, e 900

MSFC QA ,

735 A draw-wire, fabric, security bag shall be installed over the (Y
nozzle exit cone. The bag shall be closed around the exit cone
and secured by inserting the bag wire ends through a-standard-/M oi/2 /.
securitylead-seal (i.e. cover the exit cone the same way that it
was received).

74  Adapter Plate Removal
74.1 Remove the adapter plate to vibration table fasteners. [\/{
742 Attach lifting straps as shown in Fig. 1b (Appendix B). [/

CAUTION: Be careful not to disconnect the ground while
lifting the motor.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

743 Lift the motor off of t.he vibration table and move to an area [/
near the wood supports.

744 Lower the motor so that it rests on the wood supports. [/
745 Rotate the motor 180° so that the adapter plates face up. [VJ/
74.6 Remove the bracket to adapter plate fasteners. Place fasteners [ ‘)/

in a marked bag.

CAUTION: Be careful not to disconnect the ground while
lifting the motor.

CAUTION: The following step involves working with a suspended
load. Keep hands and feet out from under the load.

75  Aft Skirt Bracket Removal

75.1 Remove the aft end motor to bracket fasteners (12 placeé).
Place fasteners in a marked bag.

F LT SwrwSG &F SUBFACE AT THC
AT BT ATTRCHWUETS H V233
7.25-73
M it
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- Abort Lével,- D m—————— £{é__
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C41CLT TYNAMICS CHEESK-QUT A _ T axis TRNGLN T

':-,_,1.1 Verify test program and recnrd the abort level below. . Y SR

Abort Level T 4/5

S 1.2 . Perform levels as def;ned below and verify vuth plot. o &

g .

-1.3 Record the follow;ng:, ‘

= S Amplifier Bain | - ___ Ha 7‘7 ) ;

oL _ Charge Amp. F S.

S - /)0 Wz at e ] limit /[ z/ dB
) e FO0 Hzat 4.3 1imit dB
- Hz at ylimit dB
o - _ Hz at ,limit __ dB
- Hz at ,1imit : dB
Sweep Rate = . 3  oct/min '
_ Test lé\;gl _coﬁcuréenée:'
) 7 - tompoﬁent ‘Assessment.Branch ‘_ Date .
i ST T 306
. ;}_5;- 3] ";pa.ge ‘ - N




Lier0re Ranpam SN 1000738

axxsLoNGI TURINA

VeriZy test prsgrza and racord RMS abcert linic telcw. v

~ /

= levels as cafined telc:

w and veriify with plict.

RMS a=ert

[

[ KD

iz

Peric

Recsod tae fcolleowing:

Amplifier Gain 70 75
Charze A=z. T.S. 506 *

— 40
1000
2000
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VeriZfy test progT
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SN 1000734 =+ 1000 232

UeW1sUE DYNMAMICS CHECK-OUT s T AX1S Joyii iDL v-
_';-,,‘1.1 Verxfy test program and record the abort level belou... . = .
: o Abort Level . o s Ldb c. o - .
'.".' REE T1- 2 Perform levels as def;ned below and verify thh plat. a -
) -1.3‘ Record the following' . ' A | R -
- st Amplifier Gain . - . 4070 ____ ;
‘- A . Charge Amp. F S. .-___-_b/é G.
: g - lO _ Hz at 7 timit _F=/4" aB
[0'"'-_- 40 Hz at 4.3 ,limit T dB
- | Hz at ylimit dB
- - . Hz at ______ ,limit : dB
- Hz at ylimit : dB
‘Sweep Rate = ~ _Z  oct/min '
- 'I"esf lrev._el _coﬁcurrencg:'
N ‘ e : -tomponent Assessmenfsrabnch_ Dateﬂ_j_-'".




SN 1000738

o Kavine
RANDOM T=28T LIFTLOFE. o LONGI TYOINAC

AXIZ TANGENTIAL

.1 - Record a minizum cf 30 secﬁnds of calibration signal on

tape recorder. | A A4
.2 Set full scale rances on instrumentation amplifiers and

note on data sheet. v v/
o3 Set power ahplifier gain to peosition noted. during random

test check-out. v ¥ 7
L.4 Perform self check of control systam. i
L.5 Begin tast séquence at - _ﬂ_ éB frcm full lavel. oy
1.6 at - (o 4B, start tape recorder. v v/
* - Note time when full level is reached.Jeg Lire LoG vy /Y
i7s At the completion of the test, sat power amplifier gain

to off. v
1.9 Stop tape recorder. (L
1.10 Inspect test article fm:: damage or degradation. A4
1.11 Remove test article from shaker. y_r v
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__SN 1000738

5 —

RawpDoyM TesT _BooS7T . ' 4914 ¢
' AXIS TANGENTI i
LONGITUPIVHE
1 - Record a ninizmem cf 30 secﬁnds of calibration signal on
?ﬁpe recorder. | v v/
- Set full scale ranges on instrumentation amplifiers and
note on data sheet. v 7
.3 Set power ahplifier gain to position noted during random
test check-out. ¢ ¢ v
-4 Perfora self check of ccntrol systam. PR,
-5 Begin test séquence at - _ZL_ B from full level. v
Y At -_Ji_ dB, start tape recorder. , /
7 Note time when full lavel is reached. /€% Lg Lo v
=8 At the completion ef the test, sst power amplifier gain
to off. | | Y 4/
L.9 Stop tape recorder. i ¥
L.10 InSpect test article fof damage or degradation. P

1.11 Remove test article from shaker.
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EorgLD ovNamicg TEST ax1

H
P S SRR

SN 1000735

n

1.1 Record a minimum of -30 seconds of calibration signal on
tape recorder.

1.2 Set full scalé ranges on instrumentation amplifiers and
note on data sheet. |

1.3 Set power amplifier gain to position noted during sine

test check-out.

1.4 Perform ;élf cﬁeck df contrbl éyéfém.

1.5 Start tape recorder.

1.6 Begin sine sweep.

1.7 Note time of DCS "SWEEP UP" or "SWEEP DOWN" indication
light. S€& TAPELOG ______._

1.8 During first sweep, press the "SAVE" button on DCS.

1.9 I1f more than ome sweep, note time of DCS "SWEEP UP" cr
"SWEEP DOWN" iﬁbication light. ______ - __

1.10 At the completion of the sweep, set power amplifier

gain to off.
1.11 Stop tape recorqer.

1.12 Inspect test article for damage or degradation.
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CAUTION: When using thread compound, personnel shall wear
neoprene-Latex gloves. Contaminated materials
shall be disposed of as hazardous waste,
[~)/

6275  COAT fourteen (14) screws (NAS1101E08H10) with MIL-T-83483
thread compound.

CAUTION: When installing the Aero Heat Shield, personnel shall
be extremely careful not to drop any foreign object into
the rocket motor (watches, rings, and other jewelry shall
be removed; eye glasses shall be tethered if worn),

6276  With the nozzle cant vertically up, a properly grounded operator [\/
will INSTALL the aeroheat shield cover with the hinge on the left
or right side when aft looking forward as specified by USBI/CSD.
Proper alignment in either position is provided by a positioning
pin and mating hole.

(NOTE: DO NOT lockwire the screws.)

6.2.7.7  INSTALL the 14 screws and TORQUE the fasteners using a [\/
standard cross pattern. Record the torque values.
First Pass: Finger Tight MSFC QA _L
Second Pass:  10-15 in-lbs Value: __ 4’-/J MSFCQA _&¢

Third Pass: 20-25in-lbs  Value: 20 27 MSFC QA .- Jl
Fourth Pass:  20-25 in-lbs Value: _20-273 MSFCQA _2¢

Record SN of torque wrench: we-fopr
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629 Clear Area for Test

The only personnel allowed in the control room are the pyro
shock test conductor, a pyro technician, the MSFC TE, and
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